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NOTES ON THE ORGANIZATION OF NDRC

The duties of the National Defense Research Committee
were (1) to recommend to the Director of OSRD suitable
projects and research programs on the instrumentalities of
warfare, together with contract 1acilities for carrying out
these projects and programs, and (2) to administer the tech-
nical and scientific work of the contracts. More specifically,
NDRC functioned by initiating research prujects on re-
quests from the Army or the Navy, or on requests from an
allied government transmitted through the Lisison Office

" of OSRD, or on its own considered initiative as a result of

the experience of its members. Proposals prepared by the
Division, Panel, or Committee for research contracta for
performance of the work involved in such projects were
firnt reviewed by NDRC, and if approved, recommended to
the Director of OSRD. Upon approval of a proposal by the
Director, a contract permitting maximum flexibility of
scientific effort wus arranged. The biuniness aspects of the
contract, including =stich matters as materials, clearances,

- vouchers, patents, priorities, legal matters, and administra-

tion of patent maitters were handled by the Executive Sec-
retary of OSRD. : . .

Originally NDRC administered its work through five
divivions, each headed by one of the NDRC mr-mbers.
Theve were:

Division A - - Armor and Ordnanee

Divivion B — Bombe, Fuels, Gnses, & Chemical Problems

Division (- Communieation and Transportation
Division 1) -— Detection, Controls; and Instruments
Division E -~ Patents and Inventions

In a reorganizstion in the fall of 1942, twenty-threc ad-
ministrative divisions, panels, or committees were created,
each with a chief selected on the basis of his outstanding
work in the particular field The NDRC members then be-
came a reviewing and advisory group to the Director of
OSRD. The final organization was as follows.

1 — Ballistic Rerearch

2 — Effects of Impaet and Explowion
3 — Rocket Ordnance

4 — Ordnance Acoesiories

5 — New Miwiles

6 — Sub-Surface Warfare

7 - Fire Contral

Divition 8 — Explosives

Division 9-— Chemistry

Division 10 - - Almorhenta and Aermols
Division 11 — Chemieal Engineering
Division 12 — Transportation

Division 13 — Electrieal Communieation
Division 14 -— Radar .

Division 15°— Radio Conrdination
Division 16 -— Optics and Camouflage
Division 17 — Physics .

Division 18 —-- War Metallui oy

Division 19 — Miscellaneous

Applied Mathematies Panel

Apnlied Psychology Panel

Committee on Propagation

Tropical Deterioration Administrative Committe

Division
Division
Divixion
Division
Division
Division
Division

iv : m
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NDRC FOREWORD

s EVENTS of the years preceding 1940 r.vealed
more and more clearly the seriousness of the

. world situation, many scientists in this country came

to realize the need of organizing scientific research for
service in a national emergency. Recommendations
which hey made to the 'Vhi‘e House were given care-
ful and svmpathetic attention, and as a result the
National Deiense Research Committee [NDRC] was
forined by Executive Order of the President in the
summer of 1940. The members of NDRC, appointed
by the President, were instructed to supplement the
work of the Army and the Navy in the development
of the instrumentalities of war. A year later, upon the
establishment of the Office of Scientific Research and
Development [OSRD], NDRC became one of its
units. '

The Summary Technical Report of NDRC is 2
conscientious effort on the part of NDRC to sum-
marize and evaluate its work and to present it in a
useful and permanent form. It comprises some
seventy velumes broken into groups corresponding
to the NDRC Divisions, Panels, and Committees.

The Summary Technical Report of each Division,
Panel,or Committee is an integral survey of the work
of that group. The first volume of each group’s re-
port contains a summary of the report, stating the
problems presented and the philasophy of attacking
them, and summariziag the recults of the research,
development, and training activities undertaken.
Some volumes may be “state of the art” treatises
covering subjects to which various research groups
have contributed information. Cthers may contain
descriptions of devices developed in the lzboratories.
A master index of all these divisional, panel, and com-
mittee reports which together constitute the Sum-
mary Technical Report of NDRC i- containad in a
soparate volume, which also includes the index of a
microfilm record of pertinent technical laboratory
reports and reference material.

Some of the NDRC-snonsored researches which
had been declassified Ly the end of 1915 were of suffi-
cient popular interest that it was found desirable to
report them in the form of monographs, such as the
series on radar by Division 14 and the monograph on
sumpling inspection by the Applied Mathematics
Panel. Since the material treated in them is not dupli-

, UNGI.A\SSIFIE\D T

L —

cated in the Summary Technical Report of NDRC,
the monographs are an important part of the story of
these aspeets of NDRC research.

In contrast to the information on radar, which is of
widespread interest and much of which is released to
the public, the research on subsurface warfare is
largely classified and is of general interest to a more
restrictes] group. As a consequence, the report of
Division 6 is found almost entirely in its Summary
Technical Report, which runs to over twenty vol-
umes. The extent of the work of a Division cannot
therefore be judged solely by the number of volumes
acvoted to it in the Summary Technical Report of
NDRC: account must be taken of the monographs
and available reports published elsewhere.

Hampered and confused by the unfamiliar restric-
tions of military security, many civilian scientists
engaged in NDRC research found themselves par-
ticularly hindered by the lack of opportunity for free
and open consultation. This was particularly true for
Division 19 under the leadership of Harris M. Chad-
well. Few even in the military services knew of its
existence, and still fewer knew of its operstions.
Working closely with the Office of Strategic Services,
it was devoted to the development of instruments for
sabotage and espionage in enemy-held territory —a
subject not widely discuxsed even in time of peace.

Since few me:, were cognizant of the Division’s ac-
tivities, this Summary Technical Repori, prepared
under the uirection of the Division Chief and author-
ized by him for publieation, will have only a very lim-
itedd distribution. It is regrettable that this is neces-
sary and that wider recognition cannot he given to
the men of the Division and its contractors. Their
contributions made possible to a large extent the suc-
cessful operations of their country and its allies in the
war of the underground. Their efforts were those of
men of high integrity, imagination, and eompetence,
cooperating loyally and brilliantly in the defense of
their country.

VaxNeEvar Busk, Director
Office of Scientific Research and Development

J. B. CoNaxt, Chairman
National Defense Research Commitiee
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FOREWORD

'~ 11s voLtME of the Summary Technieal Report,
XL Division 19 is a snecial case among the divisions
of NDRC. Throughout its existence this division did
not conform to the established practice of distribut-
ing reports; it received very few problems from the
Army and Navy through the usual channels and
limited it activity almost exelusively to problems
submitted by an intimate and informal liaizon with
the Office of Strategic Services and the British liaixon
officers assigned to that group. Since the true nature
of the work done by OSS has been well publicized.
it can be logically inferred that the developments
produced by Division 19 under the ambiguous
title Miscellaneous Weapons were connected with the
underground organizations established in Europe
prior to D-day, with special attention given to sabo-
tage and unorthodox warfare. The unusual handling
of the division's reports ix thereby explained.

During the course of its existence, however, the
division, by accident rather than dexign, did work on
several problems of value and interest to the older
and w-re orthodox branchex of the Armed Services,
In sueh instances, there was complete exchange of in-
formation on a very informal basis with the Service
groups concerned, and guidance and valuable in-
formation were therchy provided for the division’s
contractors. It is hoped that the division has assisted
the research programs of the Army and Navy.

The largest contract under the division was with
Ford, Bacon. and Davis, Ine., for the operation of a
central laboratory known as the Maryland Research
Laboratories [MRL] located near Washington.
Members of the staff of that laboratory contributed,
in one way or another, to the development of most of
the devices described in this volume and they coop<
erated wholeheartedly with other contractors of the
division.

Throughout the complete program of Division 19,
Dr. Warren C. Lothrop served as Technical Aide.
The major part of this volume of the Summary Tech-
nical Report was compiled by Dr. Lothrop. Chap-

ters 18, 19 and 20 were written hy Mr. 8. Reid
Warren, Jr., of the Moore Sehool of Eleetrical Fn-
gineering of the University of Pennsylvania, where
the devices described in theve chapters were devel-
oped. To the authors I wish to express my gratitude.

It wax originally decided that there should be no
Summary Technical Report for Division 19, but, in
view of the past exchange of iformation and the fact
that inany of the devices were known ta the older
Servicer as a result of the above relationship, it was
finally decided that those parts of the division’s work
which eould properly be ealled legitimate should be
recorded and should constitute its Summary Techni-
cal Report. From this point of view, the four parts of
this volume have heen prepared.

Unfortunately, in comparon with the other vol-
umes of the STR, the usefulness of the material is
limited, since microfilming of the references. con-
tained in the various bibliographies has been omitted.
Thix decision was made by high anthority in onder to
keep to a minimum all extraneous information in the
division'sreports and to keep small theeirele of people
who are thoroughly acquainted with the unortho-
dox aspects of the activity. However, if any part of
this volume should be of special interest to some
Service group, it is believed that there will be little
difficulty in arranging for access to specific portiuns
of the division’s filex or the files of the Strategic Serv-
ice Unit, War Department, by the appropriate per-
sonnel. Many of the reports to which reference is
made are already in the hands of those groupxof the
Army and Navy who are primarily coneerned.

Despite these limitations, it is hoped that thix vel-
ume will be of value, as much for the description of
unsuceessful work as for the deseription of devices
which, in production and field use, proved successful

"in many special operations.

‘H. M. CeapweELL
Chief, Division 19
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This volume, like the seventy others of the Sum-
mary Technical Report of NDRC, has been writ-
ten, edited, and printed under great pressure.
Inevitably there are errors which have slipped past

X
Division readers and proofreaders. There may be ¥
errors of fact not known at time of printing. The 1:
author has not been able to follow through his B
writing to the final page proof. ’
v
Please report errors to: K
]

JOINT RESEARCH AND DEVELOPMENT BOARD
PROGRAMS DIVISION (STR ERRATA)
WASHINGTON 25, D. C.

A master errata sheet will be compiled from these
reports and sent to recipients of the volume. Your
help will make this book useful to ¢
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PART 1
WEAPONS

During World War II, as never before, science was
eniisted for the development of new weapons of war-
fare utilizing naany kinds of seientific principles. The
results were remarkable, and warfare therehy as-
sumed previously unthought of tactical aspects. Con-
current with this was the acceptance by the Army
and Navy of ideas of a novel and unorthodox type.
The most spectacular and larger contributions of
OSRD to the military are found elsewhere in the
Summary Technical Report. Veryv frequently these
were of a large scope.

The work of Division 19 desecribe 1 in this part on
weapons, while retaining the novel and unorthodox
features to an enhanced degree. resulted in no dis-
covery which could rank with radar, the atomic
bomb, or the proximity fuze in its great effect on mil-
itary operations. Neverthelexs. a number of smalil and
useful devices were developed primarily of value to
the individual soldier or small groups, in operations
exemplified by commando raids and scouting parties.
In this more limited and very specialized field, the
weapons deseribed in Part I are believed to have real
value and tc bring close to the individual results of

modern technological developr.ent. A neglected field '

was thereby opened and partly explored.
Considerable imaginativeness has been shown in
these developments, and this demands an equal
imaginativeness on the part of potential users. The
very unorthodox nature of some of the devices will of

necessity mean that the field of hand application isa

narrow one at best, but this is not to say that in that

narrow field their value may not be of the highest de-
aree to a given individual in a given situation. In such
cases it may far cutweigh the rather limited demand
which might be foreseen and b~eause of which Army
and Navy procurement might, with logic, hesitate.

To those who have been close to the development
of these weapons, it has always seemed that they
might well supplement for surprise use the more or-
thordox devices now issued to special troops. Only one
of the developments described in Part I mey have a
broader scope; this is the impact spherical hand gre-
nade known ax Beano and deseribed in Chapter 3. For
the most part the "weapons are explosive in nature,
there heing onlv one which has a truly incendiary
action among them; this is the oil slick igniter de-
seribed in Chapter 2. Others such as Beano loaded
with white phosphorus (see Chapter 4) and slow
burning explosives (see Chapter 6) lie intermediate
between explosive and incendiary devices. However,
without exception all the wespons in their present
atate are of a size suitable for use by a single person
and should probably be presented as items for indi-
vidual issue to special scouting or miding par-
ties.

The groups in the Arny and Navy who have been
acquainted with these devices and who would appear
to find them of value would include particularly the
Army Ground Forces, the Corps of Eugineers, the
Chemicul Warfare Service, the Ordnance Depart-
ment, the Bureau of Crdnaace, and the Marine
Corps.
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Chapter 1
ROCKET LAUNCHER3

1.1 INTRODUCTION

The striking power of an individual foot soldier
has been greatly enhaneed by the development of
portable 1ucket weapons of which the M6A3 or
Bazooka of the Americans and the PIAT gun of the
British are the foremost. Each of these, of course, is
provided with its launcher and, as generally used, is
a shoulder weapon. That there may be occasionally
a need fe. Sring as a booby-trap or delayed action do-
vice is also well recognized and has been indicated in
publications of the Ordnance Denartment and the
Corps of Engineers. In this case, it is customary to
use, as the launcher, the original packing tube in
which the rocket round is delivered to the field. A
small amount of work on this application was done
by the division and is discussed below.

The Bazooka is, however, not a very formidable
rocket when compared to those used by and against
ships and aireraft. It would seem logical therefore to
make one of these heavier and more destructive
rounds available to the individual soldier for his use
against xome specially selected and unapproachable
target. This idea resulted in the perfection of a port-
able, re-usable, but expendable launcher small and
light enough to be carried by an individual, and simple
enough to be erected and fired easily, either man-
ually or by trip wire or time delay fuze (see Chap-
ter 9). This work using the 3.55-in. spin stabilized
rocket (SSR) developed at California Institute of
Technology [CIT] under Division 3 of NDRC ix the
subject of Section 1.3.

1.2 LAUNCHING M6A3 BAZOOKA
ROCKETS FROM THEIR CONTAINERS

For the use eontemplated, three separaie minor
developments were required: a simple unadjustable
sight representing a separate item of equipment, a
trip wire firing system, and a time delay firing system.

The Sight

This consisterd of thin sheet stcol 8 in. long, 214 in.
wide. ar. 1 214 in. high, dimensions which fitted the
standard tubular cardboard conta’ners in which the
2.36-:n. Bazooka rounds were issued to the field.

Mounted laterally on this base was a bead and pin-
hole sighting system analogous to the standard rifle

L.2.1

sight, but ending in a mirror, of either glass or pol-
ished metal, mounted obliquely to allow convenient
observation of the target during final locution of the
cardboard carton in the ground. The sight as finally
produced by the Office of Strategic Services was
rigidly constructed to provide an accurate range of
100 ft, a distance selected as optimum from the .
standpoint of rocket performance and operational
needs. It would be possible to aiter this range slightly
but not significantly.

The performance for this sight is illustrated by
Table 1, which was obtained from firing five live
rounds of M$A3 ammunition from their packing con-
tainers after aiming with the reflecting sight.* The

TasrE 1. Performance of MBA3J sight.
Vertical deviation

Lateral deviation

Shot No. inches inches
1 42 low 20 right
2 8 low 9
3 15 high 8 left
4 0 0
5 25 low 0

target was at a distance of 95 to 97 ft, the wind veloc-
ity was 2 mph or less, and the temperature was 78 F.
Averaging of the data indicated a center of impact
falling 12 in. below and 3 in. to the right of the aim-
ing point, an aberration which was not considered
serious.

L.2.2 Trip Wire Firing !
The standard Bazooka launcher is equipped with

4 dry cells which provide electric firing of the round.

For hooby-trap use, batterics were unreliable because
in the indeterminate period of inactivity following
the setting up of the trap they might go dead. In
their place was substituted a simple, mechanically
operable clectric magneto which was found by test to
deliver a current sufficient to insure firing the round

> and which, of course, had an indefinite shelf life. The

recommended, standard Navy Mark 22 Magnavox
magneto was connected to the wires from the electric
squib located in the tail of the rocket motor and then
attached to a trip wire suitably mounted acro==a road
or trail. A sharp puli on the trip wire was sufficient to
turn over the magneto and deliver to the electric
squib a surge of current adequate for firing it.
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4 ROCKET LAUNCHERS

1.2.3 Time Delay Firing !

In cases where it was desirable to aim and plant
the round, and then to fire it at some future pre-
selected time, a different but equally siniple system
wus supplied. The electric squib was removed from
the motor and a short length of safety fuze, bearing
several slanting cuts, was introdueed into the pro-
pellant charge. The other end of the fuze was con-
neeted in the standard manner to a time delay Pencil
having a spring snout (see Chapter 9 and Section
11.3.3).

L2.4 Operation !

The rocket round in i'~ original paeking carton
could be set up in some concealed place and trained
on a spot in a road, for example, or on a nearby target
which could not be closely approached. The proce-
dure was to embed the tubular carton. the closed
ends of which had heen cut off to make it an open
tube, in the earth, training it on the target with the
aid of the sight which was laid on top of the tube. In
order to avoid disturbing the tube after final sight-
ing, it was found best to have the rocket with safety
pin removed in the tube before fina! aim was taken
and the sight removed. It was important that the
tube be solidly embedded in soil, which should prefer-
ably not be sandy. When 14 rounds were fired under
these e nditions at a target 95 ft distant and with the
sight fixed at 1 degree elevation, all fell within a 3-ft
radius circle and 30 per cent in an 18-in. circle, the
center being the point of aim (see Figure 1).

Ficure 1. Dispersion — M6A3 rockets.

1.3 ROCKET LAUNCHER FOR
3.55-INCH SSR **

Upon the advice and through the couperation and
support of Division 3 and their contractor CIT a se-
lection of a rocket mare powerful and effective than
the 2.36-in. Bazooka wax made. The rhoice fell on
the 3.535-in. spin stabilized rocket (S3SR) which Divi-
sion 3 had developed to satisfy a special Navy re-
quircment.* * In the following discussion only the
briefest details of this special rocket are recorded,
since it was not a development of Division 19. More
thorough treatment is given the launcher and its
adaption to the firing ~f Basooka rounds (Sec-
tion 1.3.3).

1.3.1 The Round ?

The ammunition for which this Iauncher was de-
signed was the Navy 3.35-in. SSR. The following
data apply:

Length 2435 in.

. =nn +0-0001.
Diameter, bourrelets 3.500 —0.010}“1'
Weight 24 Ib
Payload 116 1b
Explosive charge (TNT) 151b

Maximum veloeity
Fuze

760 ft per sec
Nowe fuze Mark
100 Mod. 0 (Su-
perquick  with
0.05-see delay)
Motor burning distance 230 ft at T0F.
Firing: electric — through body and the insulated
contact ring. '
Effective range for this type of use: 1.000 yd or
less.,
Unavoidable deviation: about 6 mils for moderate
ranges.
Lateral deflection for ranges under 1,000 yd:
about 30 mils left.
The next to the last datum above is a measure of the
inherent inaceuracy of the rocket, for rockets do not
possexs the reproducibility of artillery shells. The
final datum is a deflection inherent in all spin stabi-
lized rockets and is the result of gyroseopic effects,
The following examples are quoted to indicate the
power of the round: with fuze set for 0.05-sec delay,
the round penectrated a 6.5-ft thick sandbag target
and burst on the other side; with a 10-ft thick target
it burst inside; set for the same delay, a round hitting
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ROCKET LAUNCHER FOR 3.53-INCH 3SR 5

a 24-in. thick concrete wall burst inside the wall and
blew out craters 36 to 48 in. both in front and back.

The Launcher?

This was designed to be as light as possible, ex-
tremely portable, and to serve as container for the
round and all accessories. Pertinent data ave econ-
tained in the following tabulation:

Weight of launcher with one round and all acces-
sories: 40 Ib.

Weight of launcher with all accessories: 16 b,

Length of launcher including end eaps: 32 in.

Mount: 3 folding legs, the rear spade-shaped, the
front legs pointed.

Sight: peep sight with front bead fixed and rear
peep hole on an arm adjustable for ranges up
to 1,000 yd.

Firing: electric, using Navy Mark 22 magneto

~ firing key.

The sight and firing are similar to those of the Ba-
zooka described in Section 1.2. The launcher was
made of aluminum alloy for lightness and strength,
and was treated to resist corrosion. In the complete
assembly it contained one round, a 25-ft firing line, a
magneto switch, time Peneils; and trip wire. When
the legs and sight were folded, the compact unit was

1.3.2

v
" S

Firavng 2.

oo AdE N

easily carried on a light packboard, from which it was
quickly removed and implaced for operation. The de-
vice was considered as expendable, although it was
found in actual tests to be capable of firing over 100
rounds without visible deterioration. .

The sight and clevation adjustment- in the legs
were designed to allow use of the rocket in the inter-
mediate ranges where its accuracy was good. Such
ranges corresponded to a reasonably flat trajectory at
a maximum elevation of 8 degrees, hence the aceuracy
was better against vertical than horizontal targets.
This was at least equal to the accuracy obtained
with any launchers from which the 3.55-in. rocket
had been fired. The observed dispersions corre-
sponded to mean deviations of 6 or 7 mils at the
ranges tested {(apparvently a characteristic of the
round at its state of development).

1.3.3 Operation 3

The launcher could be quickly disassembled from
the pack, 2ad by means of the folding legs set up
pointing roughly in the correct divection. Fingl aim
was secured by elevation and fine traverse adjust-
ment incorporated in the rear leg mechanism. The
feet of all three legs were sharp and pointed, so that
a good hold eould be seeured in the ground and the
launcher firmly planted. Even so, it was found neces-

Tt

Launcher assembled with firiug line and magneto and round.
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6 ROCKET LAUNCHERS

Ficvre 3.

sary to weight the launcher to prevent its being upset
by the blast from the rocket. This was conveniently
and : imply accomplished by including, in the acces-
sory kit, a canvas and glass cloth bag which was filled
with about 20 1b of available ballast, such as rock and
sand, and suspended by a strap passing over the
launcher tube near the front sight. When the launcher
was thus weighted, repeated shots could be fired
without extensive readjustment of the aim. The de-
tachuble rear leg was spade-shaped to assist in ob-
taining the needed ballast. The rockets were loaded
and all adjustments were made at the rear end of the
isunrcher.

Firiag was aceomplished cither by trip wire, man-
ual eperation, or by time Pencil. Details of the first
two of these methods (see Section 1.2) are not in-
cluded. The time delay firing, however, differed from
the procedure given in Section 1.2.3, in that the time
delay Peneil was connected direetly to the firing mag-
neto and the latter was operated by impact of the
Pencil striker. This change was necessitated by the
requirement in the case of this rocket of electric
firing at all times.

L3t The Bazooka Adapter *

It was thought desirable that the launcher for the
3.55-in. SSR also be able to fire the more readily
available Bazooka 2.36-in. rockets. Thus the launch-
er's usefulness would not cease when the few rounds
shipped with it to the field had been exhausted. An
arrangement was worked out consisting primarily of
three aluminum tubes of such diameter that, when
inserted into the launcher tube, thev provided three
guiding rails for the smaller round. Three slots at

Layout of launcher and round before assembly to packboard.

each end of the launcher tube served to fix these
rails in position and their attachment or removal was
possible in a few seconds. ‘

The only other special provision was a central
peep-sight hole (not offset as was the one on the
launcher which compensated for the lateral drift of
the SSR) and a spring clip on the ungrounded firing
contact for attachment to the Bazooka’'s firing wire.

Yreech of lnuncher showing rails and con-
tacts with 2.3t-in. rocket purtly inserted; method of
making electrical contucts with the round; and the two
peeprsights.

Figuse 4.

In actual use with Bazooka rounds, some bad
yawing occasionally was encountered. This was
perhaps not unexpecterd with this rocket 7 and was
entirely corrected by filling the empty cone of the
shaped charge with plostic explosive or cast pentolite.
This, at the same time, incrensed the charge from
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ROCKET LAUNCliEﬁ FOR 3.55-INCH SSR ' 7

0.31b to 1.3 1b and gave a range at 8 degrees elevation
of about 130 yd with good accuracy. It was realized,
of course, that the penetrating characteristics of the
original round had heen sacrificed and the procedure
at best wax makeshift. Nevertheless, when it is noted

that the complete modified launcher weighed slighily
less than the Bazooka launcher, could be operated by
one man, and could be used to fire rapid and succes-
sive shots without re-aiming, consideration of this use
is warranted.
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Chapter 2
OIL SLICK IGNITER (NO-234)

a.1 INTRODUCTION

At the request of the Navy, Division 19 was asked
to develop a seatter homb which, when released from
an airplane traveling at speeds up to 300 mph and at
altitudes of under 1,000 ft, would reliably ignite
floating oil slickx. The operational requirement was
jointly framed by officers in the Bureau of Ordnance,
the Bureau of Aeronauties, and the Office of the
Commander in Chief. It was also desired that the oil
slick igniter be eapable of igniting standing pools of
oil on land. with the oil in either rase being devoid of
viuatile constituents. So-called Navy Special, Bunker
(', and crude otls were accepted as suitable.

Operationally, it was thought that reconnaissance
planes equipped with a few igniters of this type would
be most useful in destroying torpedoed ships and
tankers floating helplessly on the sea surrounded by
the oil slick liberated from their opened tanks. The
land use would be more limited and would be con-
fined to those rare instances where a large storage
tank had been ruptured and had releazed pools of
standing oil. :

Both problems were met by the development of

small cardhoard cartons containing a fuel charge’

which was ignitable, either by contact with water or
by a secondary fuze system. The former was known
as the City Slicker and was either rectangular (CSR)
or triangular (CST), while the Iatter, becauve of its
funetion on either sea or land was dubbed Paul Re-
vere (PR). All are deseribed in thix chapter,? from
which it will be seen that the PR differed from the
(SR only in the addition of the separate tuze system.

2.2 FUEL CHARGE'!

Two prior developments by the British were known
to NDRC workers. These were both primarily of a
defensive type and had heen produced to ignite oil
slicks which were to be liberated by underwater
pipes in the face of an attempted invasion of Britain.
The first of these was the so-called Cough Mixture
(KOFQR), an alloy of sodium and potassium sus-
pended in benzene in a frangible glass container.
Thix, on impact with the sea, broke, liberating the
contents which were spontaneously inHammable
when mixed with water. The other development een-
tered on the use of ealeium phosphide which wax
similarly employed.*?

Neither of these appeared likely to satisfy the
American offensive requirements, largely becanse of
their uncertain behavior against the oils specified,
and a different igniting charge was therefore ob-
tained. This charge wis based on a product of the
Permanente Metals Corporation known as Perma-
nente Mix which closely resembled the standard
“goop” used in large quantities by the Chemieal
Warfare Service for filling the M-74 and M-76 in-
cendiary bombs. It consisted of a paste of crude,
finely divided magnestum (with magnesia and car-
bon) in Stoddard Solvent-asphalt. This was dried to
83 per cent + 5 per cent solids, 3.3 per cent + 0.5
per cent asphalt, and 11.5 per cent + 0.5 per cent
Stoddard Solvent, then screened through a 6-mesh
0.135-in. screen. The dried solid “goop’” thus obh-
tained contained ax a minimum 40 per cent metallic
magnesium, and was close to the limit of spontaneous
reaction with moist air.

Dried iron oxide from mill scale was ground 100 per
cent through an 80-mesh screen to contain at least
65 per cent iron and no more than 0.3 per cent mois-
ture. The dried “goop” was mixed with it in the pro-
portion of 85 per cent by weight of “goop™ and 15 per
cent iron oxide. In final furm the Permanente Mix
was a dark brown mesly powder, very sensitive to
water vapor and spontaneously inflammable with
either sult or fresh water.

2.3 IGNITION !

However, in practice it was found desirable in the
interest of quick ignition on contact with water, to
provide a booster, This took the form of a small cloth
bag of calcium carbide situated in the center of the
fuel charge and close to the water inlet opening of the
carton. Penetration of water to the carbide was quick
and resulted in an immediate and rapid evolution of
acetvlene with attendant heat release which was suf-
ficient to raise the speed of jgnition of the main
charge to less thau 25 see. This type of ignition sy«
tem wax common to all three devices (('SR, (ST,
PR).

For land use of PR, a secondary ignition syvstem
was provided. This consisted of an external celluloid
caxe cemented to the side of the carton and communi-
cating with the main fuel charge by means of an in-
serted celluloid window. The filling of this case was a

8 N RESTRICTED
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MANUFACTURE 9

hot burning mixture of 88 parts potassium perchlo-
rate, 11 parts paraffin, and 1 part petroleum coke.*
Ignition of thix first fire mixture was brought about
by the action of a time delay Pencil (see Chapter 11)
equipped with an incendiary matchhead ending.

2.1 CONSTRUCTION

2,11 Of the CST

The construction of the (ST can be seen from
Figure 1. Beeause the triangular unit floated on its
side with either a flat surface or an edge projecting
a short distanee out of the water, the ignition hole
was placed at the end. in the ecenter. Closure of this
port (providing for the eventual entrance of water)
wa= made with a glued-on brass tear tab having 2
perforation through which a pull ring and string were
threaded. The tab was not glued directly to the
carton but to a cardboard ring that could he torn
without damage to the package wall.

The carton was provided with a corrugated paper
liner, inserted with the flukes outward. giving ade-
quate buoyaney to the packet and contributing to
the formation of a residual charred shell that sus-
tained the burning charge in the water and kept it
from dispersing. Asbestos liners were inserted oa all
three sides between the corrugated liner and the
earton to prevent the flame from shooting upwards
and to direct it along the surface of the water and
hence against the oil slick. The igniter bag contained
about 25 g of Y4-in. ealeium carbide wrapped in a
6-in. square of cheesecloth and a similar square of
absorbent paper which promoted the ahsorption of
water and hence the reaction of the carbide.

The carton it=elf was cut by a sperial die from the
superior grade of jute board developed for the Quar-

termaster K-Ration and for Ordnance stores. The

style of box, with an outside glue Hap and a special
seal, conformed to the best principles of moisture-
proofed eardboard containers,

Of the CSR and PR

Figure 2 illustrates the construetion of these more
elaborate units, The ignition hoie, scaled with the
same brass tear tab used in the ST, was here at the
center of one of the narrow sides of the rectang.lar
package, which floated on one of its wide sides. s
bestos liners were provided on the two wide sides to

2.8.2

direet the flames downward along the surface of the

water, but there was no ashestos along the narrow
sides. The corrugated eandboard liner in this case had
two 1-in. holes which coincided with the two narrow
sidex of the carton. Thus one hole was adjacent to the
water-admission hole that wax covered by the tear
tab. In the finished munitions, a porous pasteboard
tube 1-in. in diameter fitted into the two heles pro-.
vided in the corrugated liner, and held a caleium
carbide igniter-bag in place close to this entrance
hole.

In the case of the PR, on the narrow side of the
carton opposite the tear tab a eelluloid case was
glied to the outer surface. Thix case contained a cen-
tral well for inserting a time delay (SRIY and on
either side of this, chambers filled with the fast burn-
ing perchlorate mixture already mentioned in See-
tion 2.3,

25 MANUFACTURE

Two semi-proditetion experiences proved the ex-
treme sensitivity of the igniters to atmospheric hu-
midity. This difficulty ocenrred not only in the origi-
nal production of the fuel charge, the deterioration of
which could have been foreseen, but also in its subse-
quent handling during loading procedures and in
storage, where resistance of the carton to slow mois-
ture penetration over long periods was small. The
latter proved a difficult technical problem but was
eventually solved by using proper glues and by
lacquering and waxing. This susceptibility on the
part of the oil slick igniters did not lead to a danger-
ous condition. rather, duds resulted which while a
nuizance and certainly undesirable were by no means
so serious. Nevertheless, with adequate inspection
dnring manufactuire there is no reason to expect any-
thing but a perfect product.

The various steps in manufacture ineluded gluing
of the sidex and enls (and in the case of the PR, affix-
ing of the celluloid case), which wax done in one
operation using Dewey and Almy adhesive No. 737,
and drving the freshly glued cartons under weights
on suitable wooden forms. The hole in the celhiloid
case of the PR, through which the time delay Pencil
was inserted. was then sealed with a small wad of
Presstite Fuel Tank Sealer SS-3).

The dried eartons were then dipped twice in an
18 per cent solution of vinvlite (VMCH resin) in
hexone (60 parts) and toluene (40 parts) and placed
to dry on specially made racks in a eurrent of warm
air for two hours,
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12 OlL SLICK IGNITER (NO-238)

The loading had to be done under atmospheric
conditions which would insure both safety in the
handling of the Permanente Mix and complete pro-
tection from any deterioration of either this material
or the ealeium carbide during the very bricf period of
exposure involved. The cartons were inspected for
any irregularities which might interfere with the
subsequent sealing operation. and the corrugated
liners and asbestos liners were inserted, followed hy
the fuel charge and lastly the caleium carbide bag.
(In loading the PR unit the carton was first filled to
within about 1, in. of the side holes, the tube con-
taining the caleium carbide bag was inserted, and the
filling with Permanente Mix was then completed.)

The fitled cartons were then sealed with Presstite
Extruded Fuel Tank Sealer S8-50 under pressure,
painted on the exposed edges with a liberal portion of
Glyptal Cement No. 1276 and dried with that end up
for 3 hours. The final operatior wax to dip each car-
ton individually in Darex Thermoplastic (‘oating
BMli6at 120C + 5 (.

The finished amits, thus obtained, measured as
follows: CST: length 67 4 in., width 334 in., weight
0.88 + 0.06 Ib; CSR and PR: length 53 in., breadch
4 in., -thickness 21 in., weight 1.16 th + 0.06 !b.

It should be noted that the lacquering finish ap-
plied was impervious to the oils in the fuel charyge,
while the exterior wax coating was impervious to
water vapor.

2.6 INSPECTION TESTS*

To insure a reliable produet and to provide test
procedures suitable for quality control, it was neces-
sary to devise simple and routine tests for the use of
the manufacturer and the Service Procurement
Office. The test for funetion was naturally the first
and most important of these. One per vent of each
1,000 units was tesied in water to meet the specifica-
tion of positive ignition in less than 25 see and eon-
tinued burning time of at least 1 min. This was there-
fore a conclusive test of the finished prodaet but was
of novalue in loeating uniforeseen troubleshefore they
had affected quality. .

More valuable from a practical point of view was
the so-called Lily cup test, .\ mixture of 30 g of Per-
manente Mix, 1) g of Y4-in. caleium carbide and
15 ce of water in a paper eup was timed for first ig-
nition. A fairlv aceurate estimate of the reactiveness
of the fuel charge was thereby sectiredt, but an exact
correlation between the timings given by this test

and the performance of the igniters in the first test
was never dedueed.

A third test of great value and simplicity deter-
mined the extent of deterioration of the ealeium ear-
bide in a given igniter. Repeated observation showed
that any moisture capable of penetrating to the in-
terior of the earton preferentially attacked the car-
bide with the result that lumps disintegrated into
dust. Acceurate measurernent of this dust wax simple
and indicated the extent of moisture penetration.
While the amount of carbide present was several
times the minimum needed, loss of more than 10 per
cent of that originally present was considered serivus
and an indication that the elaborate waterproofing
treatment with laequers and wax was inadequate.

In the case of the PR units an additional test was
made to insure the quality of the fast burning mix-
ture contained in the celluloid ease. For this purpose,
the total burning time of the case and its filling was
specified to fali within 20 to 30 sce.

Exhaustive: trials were run on the finished units
under a variety of humidity and temperature ex-
posures to prove the adequaey of the moisture-proef-
ing eoatings. Of all these, that test m which the indi-
vidual units were left in a stream of running tap
water proved the most severe. In the CST, (SR, and
PR units just deseribed, even this test was passed
without losz of efficieney after a week's trial. The
test ax applied in manufacture specified that 1 per
cent of the produetion units be floated in pans of
running water for 48 hours and the carbide and spe-
cial PR tests described immediately above were then

made.
2.7 PACKAGING

Figurvex 1 and 2 indicate the way in which the (ST
and PR, or ('SR, units were supplied to the field.
The CST's were grouped in a hexagon contained in a
streamlined, eylindrical bomb cax’1g adapted for
loading on the 100-Ib stations of Army or Navy
planes. The CSR and PR units were packed either
in rubber gasketed steel hoxes, similar to the one il-
lustrated in Fignre 2, or in the cheaper and more
available 0.5%-cal. M2 steel ammunition eases, The
comumon feature of all three types of package was
their watertightness until the moment the ineendi-
aries operated,

28  OPERATION FROM AIRCRAFT!

The CST was designed for elustering in the bomb
-ase. The details of the construction, operation, and
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14 OIL SLICK IGNITER (NO-214)

packaging of a quick-opening cluster of 24 (CST's
are shown in Figure 3. These clusters were carefully
tested several times at the U. 8. Naval Proving
Ground, Dahlgren, Virginia, and found to operate
satisfactorily and safely. The two seetions of the case
were hinged securely together at the nose to prevent
initinl opening at that point when the bomb was re-
leased into the aintream. A pair of springs, com-
pressed into wells drilled in blocks of wood mounted
in the tail section, forced the seetions apart at the
tail, when withdrwal of the arming wire from the
buckles allowed the steel straps to open. The 24
(ST« were packed into the casing in pairs after re-
moving their tear tabs and cementing the two units
(with their ignition holes abutting) by Presstite
Sealer. This temporary seal sufficiently waterproofed
the units during their brief exposure to air while the
bomb casing wax being loaded.

On release from a torpedo bomber at altitudex of
150 to 600 ft and specds of 175 to 300 knots, the
clusters opened an average of 40 ft behind the plane
and 25 ft below it, the individual C8T's or pairs
spread out in the airstreom behind the plane and
gave pattern areas roughly as shown in Table 1.

Tark 1. Rexults of release of CST's from torpedo
bomber,

Dismeter of pattern

B0 ft 150 ft
150 ft ) £t
175 ft 60 ft

CUSTs so released withstood the impaet on” water

very well and functioning was well over 80 per cent
with normal burning.

Another use for the CST that seemed even more
attractive wav ax & munition of opportunity to be
carried by aireraft operating over water. Release was
by hand in a eluster of six units bound loosely to-
gether with tape, as illustrated in Figure 1. Just
prior to release from the plane the rip cord could he
pulled. tearing off all the tabs and readying the units
for instant operation on contact with water. These
“lusters of six fell through the air as a unit, which on
striking the water broke apart seattering the indi-
vidual igniters over an oblong area. There was some
skipping, with the units coming to final rest about
30 vd ahead of the point of originzl impact.

Probably the PR would be useful in a similar oper-
ation. As already stated it has the added features of
delayed action (either on land or water) and of oper-
ation on land, features which might recommend it in
some special opecations. Needless to say, all tyvpes of
oil slick igniters could be used by individual foot
soldiers and thrown into slicks by hand, and, be-
cause of demonstrated reliability, a single unit or
perhaps a pair should suffice for a given target.

2.9 PERFORMANCE

Earlier work * cast some doubt on the practicabil-

ity of igniting bodies of floating oil, it beirg noted
that ignition of films of less than 0.1-in. thickness was
impossible. There was some question also whether
erude and heavy oils such as Diexel and Bunker (',
from which all velatiles had been stripped, could be
ignited at all in large bodiex. Also, it appeared that
waves, wind, and passing ships could be expected to
produce an oil-water emulsion which would not burn
under any conditions.

These doubts were settled by many tests under a
variety of temperature and wind conditions, It was
thus definitely established that filmx over (0.1 in. in
thickness could be reliably ignited by the extremely
hot flame of the CST cr PR. Because of the con-
sistent performance of the igniters, the seattered pat-
tern expected on jettisoning from a plane, and the
size of the slicks encountered in the field, it seemed
reasonable to assume their funetion from a single
Inrge-scale demonstration. This was arrmaged by offi-
cers asvigned to OSS and took place on the New
Jersey shore in June 1944 when 1,000 gal of Navy
special fuel oil wax ignited by the action of a single
CS8T in less than 4 min® The fire burned into the
wind with flames billowing to a height of 50 ft and
lasted for 7 min. Ax in all cases, there remained after-
wards a considerable unburned tarry residuc floating
on the surface.

This large trial was of course preceded by many
small trials and demonstrations performed by the
contractor and the division’s central laboratory.” In
all these, as well ax in the large trial, the units were
thrown in by hand, and it was independentiy <hown
that their functioning was unimpaired when thrown
from aircraft.®
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Chapter 3
GRENADE, HAND, FRAGMENTATION, T-13 (BEANO):=

3.1 INTRODUCTION

The work of Division 19 in the field of impact hand
grenadex had its origin in a request received from the
Re=earch and Development Division of O88 on tb -
own hehalf and with the support of the Grenade Sec-
tion of the Ammunition Division of the Army Ord-
nance Department. Ax the development proceeded,
contacts in the Army included the Army Ground
Foreex, and in the Navy, the Marine Forces, both of
ihese groups being the branches using such a weapon.
Upon withdrawal of the division from the problem
in June 1945, the grenade became the exclusive
charge of the Ordnarce Department, which contin-
ued experimental and developmental work. No
formal problem request was ever received from the
Army or Navy in distinetion to OSS.

The ideas underlying Beano '** were not original: it
had heen frequently suggested previously by respon-
sible individuals that fist an improvement in the
standard existing U. 8. Army fragmentation grenade
was needed; that, secondly, an impact type of gre-
nade would be a desirable adjunet to the Army’s
mttnitions: and that, thi=dly, a grenade based on the
size and shape of a baseball would be better adapted
to use by the average American soldier than was the
heavy pineapple-shaped Mark I The poor perform-
ance of the latter, which gave rise to that opinion,
was later greatly improved by the substitution of
2.05 oz of cast TNT for the previously used filling of
0.74 oz of E.C. nitrocellulose powder.

A combination of the above three guiding princi-
plesled to the development of Beano, although vari-
ous other requirements were included in the state-

ment of the problem as well. These included specifi- -

eations reganding sensitivity to impact, a dual arming
system with the =econd arming operation oceurring
after the grenade left the thrower's hand, and the
usual requirements of waterproofness, shock resist-
ance and safety to the user. The fulfillment of all
these points to the satisfaction of the Ordnance De-
partment wak not accomplished in the time available,
but wax very nearly achieved. Whether it was so
nearly achicved during the active day« of World War
[Iax to have warranted field use ix a matter of opinion.
Atleast it canbexsaid that Beano should be a valuable
weapon in any future wars and a most useful adjunct

to the now improved Mark I grenade which it com-
plements in many respeets.

3.1t Exact Requirements

The characteristics, suggested and implied, of this
grenade were: {1} It should be the same size and shape
as a baseball (a sphere 914 in. in circumference).
{(2) It should approximate its weight. As shown in
Section 3.2, this was eventually fixed at 11 + 1 oz.
(3) It should fire on impact rather than by time delay
as did the Mark II, which employed a Bouchon fuze
of approximately +4.5-sec delay. (4) It should fire re-
lisbly when dropped 18 in. onteo sponge rubber. This
measure of the sensitivity was later modified to a
12-in. drop equatorially onto concrete. (5) It should
be spherically balanced, a requirement which war ap-
prosimated in the first model of the fuze T-3 but
more exactly met in the final model T-3E3. (6) Tt
should have “optimum lethal fragmentation.” Just
-what this meant was a matter of personal interpre-
tation, since there is n¢ ~atixfactory criterion of le-
thality of particles which conneets size, mass, and ve-
locity with personal injury regardles< of the part of
the anatomy struck. Some discussion of this point
will be found in Section 3.5.3. (7) It should have two
arming mechanisms, the second to take place during
flight. Thix seemingly difficult specification was met
most satisfactorily by the so-called butterfly (see
Section 3.4.3). (8) It should be waterproof, capable

of withstanding the Army Ordnance Jolt and Jumble .
Test, and its safety and operation should be unaf-

fected by rough handling and severe weathering,

3.2 DETERMINATION OF ALLOWABLE
WEIGHT?

The original hope that Beano might not only have
the same xize as a baseball but also the same weight
(514 oz) was doomed at the outset by the required
ratio of weight of high explosive filling to weight of
case, which provided the lethal fragments. Either the
explosive charge would have to be diminished and
the case made of very light material or else the over-
all weight of the grenade wo 'ld have to be signifi-
cantly inereased to over 314 oz. The latter course
was adopted and the speeifieation (2) above was
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16 GRENADE. HAND, FRAGMENTATION, T-13 BEANO)

established. The figure of 11 + 1 0z was derived
after several series of trials in which soldiers were
provided with a variety of spheres, eubes, and eylin-
ders of wood variously weighted and, in repeated
throwing trials, judged for accuraey, range, and en-
durance. The original studies indieated that 12 oz
would be the point of maximum efficieney ™ a deci-
sion which, by coincidence, just sufficed to cover the
optimum weights of the fuze body, the fragmenta-
tion casing, and the explosive filling.

Later studies showed ** that the average obtain-
able range increased about 1 y»d (out of approxi-
mately 43 vd) for each decrease of 1 oz in weight.
See Table 1.

TanLe 1. Summary of throws fur distanee.

Arithmetic
Weight No. throws means of dixtances
12 0z 300 47.5 yd
14 oz 309 451 vd
16 oz 309 43.5 vd
18 uz 309 42.4 vd

The information on accuracy was more difficult to.
analyze and only led to the generalization that, bar-
ring fatigine and figuring the accuracy of each throw
as the maximum distance readily attained with a
given weight, there appeared to be no significant
change in accuracy with change in weight. All throws
were made overhand in contrast to the side and un-
derhand technique u=ually employed with the 22-0z

Mark IL.

3.3 SELECTION OF CASE’

Extensive trials of a number of metals including
steel of several thicknesses, aluminum, and mag-
nesium showed at once that. if anything more than
a blast effect were desired of Beano, a steel case was
definitely needed.® This was true regardless of the
tvpe of explosive filling emploved. )

Table 2 shows very clearly the preference for steel
to aluminum (a similar table for magnesium could he
presented) and at the same time indicates the value
of a filling more dense than TNT at 0.80. A slight
preference would alzo seem to he indicated for a longi-
tudinal rather than an equatorial weld. This was not
sufficiently clear, however, to warrant the additional
complication entailed in manufacture,

A choice of case thickness was made in favor of
0.040-in. steel berause of greater ease in manufacture
and hecause of the greater density of fragments,
which were admittedly lighter and of shorter range.

Tanre 2. Sununary of fragmentation studies of ex-
perimental sphencal grenade enses.

! ‘ Rescles
682" helt of
Case Wall 117 pime at 857
and thickness | No.throws
Welt inches | Charge | Density | per sq ft
Steel ! i o i
Equatorial DO TNT | 080 b BN
Steel !
Longitudinal | 0040 | TNT | oo | 0N
Steol : [
Equatorial 0.060 TNT .50 % 0.4622
Steel Cast :
Equatorial 0040 [Pentolite; 162 L4
Aluminum *
Equatorial 0.003 TNT o8N 1 0262
Aluminum !
Equatorial I 0.135 TNT R 022

It is eonvenient to express the performance chare-
teristics of a Beano by giving the range at which the
density of perforating particles averages 0.35 per
sq ft,» the average linear dimension of the holes per-
forated, and the average weight of the perforating
fragments. These data are given for the two weights
of steel eases in Table 3 and show a slight preference
for the 0.040-in. case which was used in all production
models.

Performance characteristios of Beano.

Average  Average

case ratio : d-13 %(lim'-n«iun { weight
000kl 107 100t | a3 T ozg
0.060 N, -el‘ 0.59 ’ 78 l [T 5 . 036

(Similar data could be included which would indi-
cate that the fuze assembly used in ronjunction with
this ease would give better fragmentation, if made of
aluminum rather than the bakelite actually employed

. in all but the T-5E2 and T-5E3 production.?)

Selection of the proper filling of high exploxive for
this case narrowed to a choice between TNT and
RDX (Composition A) after the exclusion of am-
monium picrate and cast pentolite. The choice be-
tween the two remaining explosives was finally made
by the Services in favor of the latter on the basis of
evidence such as that shown " in Table 4. Although
the total area of penetration was ahout the same in
all these cases, the number of particles was much

‘= When the fragment density is 6,33 or greater, & nsan, on
the average, will be struck in other than a trivial region by
one or more fragments”
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DEVELOPMENT OF THE FUZE T-5 17

larger in the case of Composition A (although the

“average weight of each was correspondingly smaller),

and Composition A was preferred.
TasLe 4. Comparison of TNT & Compasition X fillings.

No.
Charge Density Booster throws*
TNT 0.8 2.4 g tetryl 106
TNT + beeawax] 0.87 + 77/
) beeswax | 2.34 g tetryvi 36
TNT 0.87 8 gtetrvi 117
Comperition A | 0.93 2.34 g tetrvl 281

* (CL. Tabie 2)

The case in final form may now be described as
consisting of two stampings of 0.040-in. steel, copper
brazed at the equator. One stamping had an opening
to receive the fuze and wax provided with the brazed
threaded in=ert holding the aluminum former cup.
Filling was by either Composition A with a density
of 0.93, which gave a total weight to the grenade of
11.9 oz, or by granular TNT with a density of 0.8,
which gave a total weight to the grenade of 11.3 oz.
The volume available for high explosive filling was
140 cc, and this allowed the use of 4.6 oz of Compo-
sition A or 4.0 0z of TNT. The outside diameter of

the case was 27 in. at the equator. The weight of the .

empty case assembly, including the aluminum former
cup and its brass retaining ring was 4.8 oz.

3.+ DEVELOPMENT OF THE FUZE T-5%

351 - Origin of Design

The division was indebted primarily to the British
for several design features of the impact fuze. This
was because of the large scale production for the
British Army, both in the United Kingdom and in
Canada, of their standard grenade No. 69 Mk. |
which was equipped with an impact tvpe bakelite
fuze. British reports and suggestions 24 used hy
Divison 19 research workers gave valuable assist-
ance, especially in locating pitfalls to be avoided.
The fuze T-5 which finally resulted is shown in cross
section in Figure 1.

A comparison of the T-5 with British fuze shows a
difference. The secondary arming pin, attached by
nylon string to the butterfly eap, in the American
design entered the firing pin mount vertically and
gave safety by lLolding apart two small steel balls,
which engaged ihe shoulder of the primer mount. In
the British fuze No. 247 this pin entered at an angle,

Figure 1. Cross section of T-3 fuze.

there were no balls, and it was possible to throw the
grenade in such a way that arming in flight could not
occur. Another significant change was in the elimina-
tion in the T-5 of one of the conical surfaces on which
the inertia parts of the fuze moved at the moment of
impact. This insured a better alignment of the primer
and the detonator at the moment of firing.!s

3.2 Assembly and Description

Figure 2 shows the T-13 grenade with its case and
T-5 fuze disas <embled. The fuze itself was composed
of a number of metal and two bakelite parts, the fuze
head and the fuze body. The fuze head was equipped
with threads to screw into the grenade and to receive
the fuze body. On one side it was provided with a
smooth cam surface with a central opening through
which passed the secondary arming pin. On the other
side it was provided with a brass-inserted spool
around which a Nylon thread was wound connecting
the secondary arming pin with an aluminum butter-
fly cap, which up to the moment of use was held in
place by the arming pin (a ring-pulled type sup-
ported by two ears provided in the bakelite casting).
The body of the fuze was roughly conical in shape
and had a flat inner =urface on which e fuze parts
rested. This was penetrated by a hole, which in asx-
sembly received the detonator. The hottom end of
the bakelite part was threaded to accommodate an
aluminum cup, which in assembly contained a felt
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18 GRENADE, HAND, FRAGMENTATION, T-13 (BEANO)

ASSEMBLY

PRIMER CAVITY

BOOSTER AND
BOOSTER RING CUP

MAIN CHARGE 800Y

Ficrre 2. Disnssembled view of T-13 grenade and T-5
fuze.

pad and two tetryl pellets constituting the burster
inzuring high order detonation. The metal fuze parts
which operated inside the hakelite housing consisted
of a brass primer mount and a brass plunger. The
primer mount, which rested upon the flat inner bot-~
tom surface of the fuze body, was provided with a
cavity, in vhich the primer was mounted. A steel fir-
ing pin was an integral part of the heavy brass
plunger which moved smoothly inside the primer
mount without actual contact between the firing pin
and the exposed primer because of a weak ereep
spring.

The butterfly was cast aluminum with cross rib-
bing to provide a good finger grip. It was connected
to the secondary safety pin by 6 in. of 30-1b nylon
line. The radius of the dome or cam and its position
relative to the fuze body were dimensionally impor-
tant. On the basis of British work this interior angle
was as close to 115 degrees as possible. The strength
of the creep spring was an adjustable feature which
determined the sensitivity of the grenade; it con-
sisted of 6 coils of 0.010-in. diam tinned music wire
with open-end winding. The sharpness and angle of
the firing pin was also vital; it was necessary that
the angle be less than 0.010-in. flat.®

The initiating system '™ consisted of the M26G
primer, the M17 detonator, and a tetryl burster.
This train was selected because it represented the

maximum sensitivity obtainable in standard items.
The M26 primer was the suggestion of Picatinny
Areenal. It contained 2.05 grains of 40-35-25 mer-
cury fulminate — potassium chlorate — antimony

- sulfide pressed at 20,000 Ib per sq in. The charge was

contained in a gilded metal cup covered with an
0.0012-in. gilding metal disk sealed with waterproof
wax, The primer was of the stab type. The deto-
nator, also recommended by Picatinny Arsenal, was
the M17 and contained a primary charge of 3.86
grains of lead aside pressed at 10,000 lb per sq in.
and a booster charge of approximately 1.27 grains of
tetryl containing a maximum of 2 per cent graphite.
The burster consisted of two pellets of tetryl roughly
34 in. by Y{ in. with a density of 1.49. Their total
weight was 5 g, which was approximately twice the
minimum. This sssured satisfactory performance re-
gardless of the explosive used in the case.

3..3-  Arming and Operation

In the unarmed condition the grenade was ren-
dered safe by the intrusion, into the upper part of the
firing pin mount, of the secondary safety pin, which
penetrated the bakelite cam surface centrally. While
this safety pin was in position in the firing pin mount,
it held apart two steel balls which protruded beyond
the edge of the primer mount and effectively kept the
fuze parts from movement. Upon the withdrawal of
the secondary arming pin, the steel balls no longer
performed this function and the brass fuze parts were
free to move within the bakzlite fuze body. Any sub-

stantial deceleration of the grenade in this condition,

regardless of direction, resulted in movement of the
firing pin mount, within the primer mount, against
the creep spring with resultant picrcing of the primer,
passage of the resulting spit into the detonator, and
thu- in explosion of the grenade.

When the grenade was thrown after removal of the
safety pin, the cap was forced away from the fuze
body by a cap spring and acted as a parachute, un-
winding the nylon string and pulling out the arming
pin while the grenade was in flight. With an average
throw, arming oeceurred at a distance of about 20 ft.

3.5 PERFORMANCE
3.5.1 Sensitivity

Probably the most significant quality of any im-
pact fuze is its sensitivity. In the present case it was
desired that a fuze be made which would fire reliably
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PERFORMANCE ’ 19

on striking any solid surface with the force ordinarily
supplied by an average thrower or by gravity from a
reasonable height. This indicated a fuze of consider-
able sensitivity, and, at the same time it was clear
that the fuze should not be so sersitive as to be an
unusual hazard in a=sembly or in correct usage. The
exact requirement finally framed [see (4) under Sec-
tion 3.1.17] was meant to represent the best compro-
mise between these opposite demands. It will be seen
at once that it did not correspond to the extremely
variable field conditions certain to be encountered.
The most valuable data on the subject was ac-
quired by the Army Ground Forces in exhaustive
tests conducted by the Infantry Board at Fort Ben-
ning, Georgia.” Using live, as well as dummy, gre-
nades and Army personnel, these tests made it clear
that the percentage of malfunctioning caused by dif-
ferences in targets was greatly affected by the tech-
nigue used in throwing. Flat trajectories resulting in
a glaneing impact produced a relatively high per-
centage of malfunctions which increased rapidly with
the softness and resiliency of the impact area. On
targets-of the latter type a high, arched trajectory
was found essential to give reliable performance and

. even so, in exceptionally soft mud, water, or freshly

fallen snow, duds averaging 9 per cent could not be
avoided. This defect had to be accepted as inherent
in the design and represented a danger in the use of
Beano by troops operating offensively under such
terrain conditions. Presumably, the perfect impact
grenade would be equipped with a secondary time
delay firing system which would dispose of these duds
after an interval of several seconds. Such a design
was at times diseussed but, in the time allotted, could
not feasibly be developed.

3.5.2 Fragmentation

Many independent fragmentation tests were con-
ducted by NDRC,> "2 A\rmy Ground Forces and
chiefly by the Ordnance Department 2 at Aberdeen ?
and Picatinny,!* with generally good agreement. The
standard Ordnance test procedure was employed, in
which the total number of perforations was counted
in two facing semicircles of 1 in. No. 2 sugar pine of
10 to 20 ft diameter and 6 ft height.® When the gre-
nade waxs fired in horizontal position, the fuze axis
was in line with the common diameter of the targets
and at mid height. Panel perforations were accepted
as the significant eriterion.

Table 5 presents some interesting data of this
type.h 2%

The figures in Table 5 indicate the continued im-
provement in the functioning of the Mark II grenade
as the fuze and filling were altered. They indicate
also that Beano was closer to an offensive type gre-
nade, since stray particles did not fly to great dis-
tances, and that Beano’s efficiency at close range was
nearly twice that of the standard grenade — a fea-
ture which is important -when it is realized that
Beano could be more accurately thrown over all
ranges because of its smaller weight (11.5 oz v~ 21 0z)
and more convenient size and shape.

TasLe 5.
Average number
. . perforations
Horizontal position for semicircles

Tvpe Load Fuze | Ay | 40780
MkIT | 0.74 0z E.C. Mi0A2 | 5 |. 22
MkII | 0.74 0s EC. M6A3EL} 19 9.5

Mk Il | 2.05 08 TNT M6A3EL 255 | 160 | 96} 2.0
T-13 4.0 oz TNT T-5 228 6.0

T-13 46 oxComp. A | T-5 50.2 {12.0 ] 1.2] 0.0

The velocity of the Beano fragments averaged
4,100 with TNT loading and 4,900 ft per sec with
Composition A filling.?

A table similar to Table 5 with the grenades placed
vertically would show the difference in performance
between the last Mark II type and Beano to be small
and slightly in favor of the Mark II at the closer
ranges. The two were therefore comparable in frag-
mentation at 10 and 20 ft, but beyond that the
Besno fragments very quickly lost their momentum,
thus making the grenade safer to the user with less
need for protection. .

3.5.3 Lethality

Since this was the object of developing the grenade,
some judgment must be given on the performance of
Reano on this score, even while it is realized that an
exact criterion is not possible. Excellent attempts of
this tvpe have been made however, of which two ap-
pear most significant.’® From these it would seem
that the perforation measurement used in Table 5
may not be a true appraisal of lethality or incapaci-
tation. The tremendous number of particles, many
of which are very small (about 0.0025 oz), flying at
these very high velocities can be counted on to de-
liver the maximum casualty producing hits per unit
aren, the closer the target ix to the exploding gre-
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20 GRENADE, HAND, FRAGMENTATION, T-13 @FANO)

nade. The~¢ interpretations reinforce those given in
the preceding section that Beano would find its chief
usefulness as an offensive grenade. At the same time,
analysis of the data already presented would tend to
show that, at the range of 20 vd, all types of Mark 11
and Beano are approximately equivalent, with Beano
more effective at shorter ranges, and the Mark II at
longer ones.

The whole argument presented may be upset by
the entirely unpredictable effect of clothing, which in
quantity and location ix an uncontrollable variable
affecting the results obtained from ail grenades. ' Just
what this effect would he in a given shiot would be
impossible to say, but it seems safe to predict that
clothing would more seriously affect the smaller par-
ticles of Beano than the larger and more massive
ones emitted by the Mark 11

3.6 PRODUCTION'!

Although in principle the Beano fuze appears sim-
ple, itx manufacture in tremendotis uantities was
attended hy more than the usual quality control dif-
ficulties. These were centered almost entirely in the
T-5 fuze and itx successors, each of which was intro-
dueed to correct some fault in the preceding design.
The final fuze made during NDRC participation, the
T5E3. came close to meeting all the previous objec-
tions and proved casier to manufacture. s an assist-
ance to the manufacturer and a guide in maintaining
the quality in full production which had proved ade-
quate in the semiproduction, Tentative Aeceptance
Requirements *° were drawn., These were based on
Ordnance results in the rough-handling, weathering,
and Jolt and Jumble tesxts,'® the behavior on long
storage,'* exposure to tropical organisms,™ and simi-
lar information. Even so, the original requirements
were altered on several oecasions by common con-
sent, and, before the final closing of the assembly
lines (after V-J day), a variety of special tests and
more conventional production control tests had been
standardized and had proved their worth.!

These tests were primarily concerned with safety
of the fully assembled grenade and the partially
armed grenacle on accidental dropping and on throw-
ing.. Other featwes of course were tested, such as
waterproofness amdd reliability of funetion. The re-
sults of many thousands of tests of this tvpe will be
found in the final report of the contractor.!

The <afe packaging of the loaded grenades for de-
livery to the field offered difficulties which were, how-
ever, fullv met by the Ordnance development of a

satisfactory contzimer and the adoption of the prac-
tice of shipping the fuzes and the bodies disa~sem-
bled from each other to avoid simultaneous detona-
tion of a whole box upon the accidental firing of a
single grenade.®

3.7 MODIFICATION OF THE FUZE T-5

3.7.1 Need for Improvement

Although seversl thouwsand Beanos had been pro-
duced and tested by NDRC without a single mishap,
the early Ordnamee production, in an unexplained
accident, caused a fatality in testing personnel at
Aberdeen.? At onee the fuze design was reopened and
two modifications were forthcoming, the T5E1 an:d
the T51.2. The Iatter represented a significant im-
provement in the safety of the fuze and differed from
the T-5 and T5E1 ix that the steel balls in the fiving
pin mount were omitted and that the brass picee was
slotted to receive a steel key. the shoulder of which,
resting on the primer mount, rendered the grenade
safe when the armsing pin was in place. Removal of
that pin, however, alfowed the key to slip into the
firing pin mount amd to position its sharpened tip
directly over the peimer cap which it pierced when
the fuze functioned. The details are shown in Fig-
ure 3.

XXX

N

-

Ficone 3. Fuae, grenade, hand—T-5E2.
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With the firing pin a part of the key, it was im-
possible to have a premature firing because of faulty
or incomplete assembly of parts, a serious defect in
the T-5 fuze which, it was supposed, might have
caused prematures, and did require their reworking.?

After satisfactorv tests of the new design ** but be-
fore the T3E2 was released, further accidents with
the T-3 occurred in the field. These were never com-
pletely explained. They resulted from ihe develop-
mental point of view in a further improved grenade
in which the case was slightly altered in dimensions
(T13E1) to permit the fuze to seat itself more deeply
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in the body, thus eliminating its bulgy appearance
and correcting a slight non-coincidence in the center
of gravities of the fuze parts and the grenade. It was
supposed that by centrifugal force this could result in
premature firing near the thrower’s hand. It was in-

deed demonstrated! that at 1,800 rpm a T-5 fuze

would fire from this cause, but nc thrower in actual

tests was ever able to hurl s Beano with more than

1,200 rpm. .
At the same time, the nylon thread connecting the

butterfly with the arming pin was shortened to pre-
vent the butterfly from striking the spinning grenade

Fioere 4. Fuze, grenade, hand—T-5E3 in T-13E1 case.
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22 GRENADE, HAND, FRAGMENTATION. T-13 (BEANO)

in mid air when the pin was withdrawn, thus con-

ceivably giving sufficient lateral movement, to fire the
fuze — a happening which was never demonstrated
to occur.!

The T5E3 fuze was also supplied with a long
bouchon-type level handle so that the user would
have his hand over the butterfly when he threw the
grenade. Thix point was corrected after the Ordnance
at Aberdeen discovered that the Beano could be con-
sistently prematured in the thrower’s hand if, con-
trary to the instructions, he did not retain his hold
over this part.?

The details of the final design with these modifica-
tions are seen in Figure 4 of the T13E1 grenade with
the T5E3 fuze.

3.8 MODIFICATIONS OF BEANO

3.8.1 White Phosphorus Loading

White phosphorus loading is discussed in (‘hap-
ier 4 of Part I of thiz volume.

3.8.2 Concussion Loading 7

At the suggestion of officers in Army Ground
Forces, a preliminary study was made of the per-
formance of Beano bodies filled with flash powders
developed by Section 11.2 of NDR('. It was believed
that the concussion blast might be effective, without
accompanying shrapnel at close range, and that at
night the intense flash would blind the enemy for a
erucial period of many seconds. The cursory tests
performed indicuted that the idea was well-based,
but, because of the termination of hostilities, it was
never fully developed. It appeared that one of the
aluminum cases used in the WP Beano (Chapter 4)
when filled with a composition of 200-mesh potassium
perchlorate (60.0 per cent) and PXS-885 50-50 alu-

minum potassium alloy (40.0 per cent) gave the best

results. The filling had a total weight of 160 g and
was dispersed and detonated by the standard Beano
fuze in which the usual tetryl bursting charge was
replaced by one of 2.5 g of black powder.

3.8.3 Time Delay Fuze

Although the impact fuze of Beano was its chief
novelty, officers in Army Ground Forces believed
that the grenade would have greater general useful-
ness, if it could be supplied on oceasion with a time
delay fuze which would be interchangeable in the
Beano case with the impact fuze. Two models based
on both the T5 and the TSE2 fuze designs were pro-
duced in very limited quantity. In each case, the
secondary arming pin was integral with the butter-
fly, and, when the grenade left the hand of the
thrower, the butterfly and the arming pin were
ejected by a strong underlying spring, with the result
that the firing pin, which was also under spring ten-
sion, stabbed an initiating system and began a pyro-
technic delay. This delay column was 74 in. in length
and provided an elapsed time of approximately
414 sec. It consisted of a primer of 70-20-10 antimony
sulfide — lead thiocyanate — pota=sium chlorate, a

delay powder of 85-15 barium oxide — ~selenium with

added tale, and a standard detonator of lead azide.

39 CONCLUSION

The division personnel regret that a spherical im-
pact grenade, fulfilling the requirements of safety
and effectiveness determined by the Ordnance De-
partment, was not produced to meet the large needs
of the Ground Forces. It is hoped that its work, how-
ever, will stimulate future developers to successful
produrtion of a weapon of this type which will un-
doubtedly be a valuable complement to the standard
improved Mark II grenade.
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F 41 , INTRODUCTION

It was the desire of liaison officers in the Army
Ground Forces that several modifications of the origi-
nal Beano be developed for production and use fol-
lowing the hoped-for adoption of the impact, frag-
mentation hand grenade as a general weapon. Two
of these, the Concussion Beano and the Time Delay
Beano, have aiready been mentioned. A third, a
modification in which the loading was white phos-
phorus (WD), is deseribed in this chapter. The de-
velopinent was requested by the Ordnance Depart-
‘ment (OD-176) and closely followed by OD and the
Chemical Warfare Service, without whose interest
and assistance an entirely satisfactory solution would
not have heen forthcoming,

It was decided, as a working hy p()tht\l\ that the
WP Beano (grenade, hand, smoke, WP T-28 and its
accompanying fuze T-21) should have the same di-
mensions and weight as the standard high explosive
grenade T-13 and should use so far as possible the
same fuze T-5, altered only in those details imposed
by the new requirements, A decision, similar to the
one made in the case of Beano, was required, in
which a compromise was made between the danger
snd the effectiveness of dispersion.®!! Ultimately a

Ceotapromise was made between the antipersonnel

- features of ‘WP and the economical and efficient

- utilization of the volume and weight of WP available
within the space of a Beano casing. A bursting charge
of tetrvl would eject particles of WP, 1 to 14 in. in
diameter, these being judged sufficient to incapaci-

- tate and yet sufficiently numerous to strike a target
at ranges up to 20 yd.

The result of these considerations was the com-
plete development and semi-production of a grenade,
which appeared satisfactory in limited NDRC test-
ing but which was never completely tested by service
boards because of design troubles with the T-5 fuze
(sce Section 3.7). At the time when the divixion
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Chapter 4
WP BEANO (OD-176)

1.2 THE CASE T-28°

L2.1 Unsuccessful Attempts

Cases made from steel, brass, copper, ethylcellu-
lose, and aluminum were tested. Of these, only alumi-
num cases proved satisfactory, but the others de-
serve some mention. The case construction of the
T-13 (Section 3.3.3) naturally suggested steel, which
was ordinarily used in WP munitions, but which for
two reasons seemed unsuitable here. First, there was
the rigid requirement that no leakage shouldappearat
temperatures from —50 to +150 F even after rough
handling, and, secondly, there was an unfavorable
weight relationship which would not permit a large
enough charge of WP to be useful. In regard to lvak-
age, it must be remembered that only a thin gauge
metal, an involved form difficult to seal, was possible;
the overall weight of the WP grenade was held the
same as the high explosive (11 £ 1 o0z), while the
density of the filling had increased from 0.93 to 1.82.

Using the standard case design with the T-13, but
changing the steel thickness to 0.020 in., the lowest
feasible point, and providing a seal of Dewey and .
Almy No. 200 can-sealing compound between the
underside of the lip of the aluminum former cup and
the inner edge of the steel hemisphere, a case was
obtained which survived moderately rough treat-
ment, but not prolonged storage.® This basic design
ig illustrated in Figure 1.

The standard Beano case of 0.040-in. steel of this
design was so heavy that the payload was too small,
and, furthermore, the tetryl burster charge required
to open this heavy case was so large that it com-
pletely shattered the small WP charge and produced
only harmless smoke. The 0.020-in. steel case, while
without this defect, fragmented unevenly, yielded
first at the hemispherical welded seam, exerting a
marked and unpredictable directional effect on the

s terminated its activity, however, it had shown that burst, and faiied to eject the full WP load. Similar |
..’ aluminum was suitable for a body case, that it was  results were obtained with identical brass and copper
NG compatible with WP, that its strength and lightness  designs, and it appeared that a uniform case of
e made it practically unique as a satisfactory material, weaker and lighter composition was necessary. ’
o and that WP wax supcrior to similar fillings (PWP Two attempts using blown ethyleeltulose 3 and '
‘-',f and SWP) for such use. aluminum (0.036 in. 28 alloy), both of the same :
.':'. !
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WP BEANO (OD-176)
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FFrarre 1. 0.020 steel WP Beano case,

design shown in Figure 1, showed conclusively that a
step forward had been taken. More uniform distri-
bution of WP particles resulted, and a significantly
improved payload was obtained. Nevertheless, the
inherent weakness of the design was apparent, be-
cause leakage and uneven fragmentation of the case
still occurred. A second design was therefore indi-
cated and experimental sample orders of the type
shown in Figure 2 were tested in the most promising
materials, ethyleellulose and aluminum. The latter is
shown in cross section. Like the units shown in Fig-
ure 1, these cases requived o rauch smailer bursting
charge of tetryl than the standard T-13, gave more

Fiaure 2. 0.036 aluminum WP Beano cane,

uniform performance and improved efficiency, and
corrected the weaknesses of the earlier design.

A choice between ethyleelluluse and aluminum
was not difficult to make, for the former was shown
conclusively to be incapable of surviving the rigorous
Jolt and Jumble Test of Army Ordnance as well as
the weathering and surveillance tests required by
CWS, In addition, the plastic unit was combustible,
a most undesirable feature in a_container of a spon-
taneously combustible material such as WP. There-
fore an aluminum body of the design shown in Fig-
ure 2,° was chosen.

Table 1 gives the pertinent data for these various
models.

1.2.2 The Final Design

The production: body was made of five parts, all
aluminum: two stampings, a fuze ring, a filler bush-
ing, and a sealing piug. The stamping, which incor-

porated the fuze former cup, was the result of very

excellent technique on the part of the semi-pro-
ducer.’? The hemispherical stamping, which carried
the filling port, was more conventional. Both were
made froim Aleoa No.21 brazing sheet (heat treatable
and 0.032 in. thick). The alloy consisted of base
metal aluminum, eoated thinly on one side with an
alloy of low melting point. The unit was assembled
in a brazing furnace where all joints were formed si-

muitaneously with the aid of proper finxing. The two-

" stampings assembled in one operation the final unit

case, a ball, bearing the filler bushing and fuze ring.
No difficulty was encountered in producing uniform
and tight joints, except in the sealing plug, which
screwed into the female bushing. Here there was
some indication that in the brazing process the
threads of this bushing were distorted and no longer
met the original rigid specifications. It seems likely
that, if large-seale production should be undertaken,
it would be advisable to cut these threads after the
brazing operation.

Filling of the unit (see Section 4.4) was accom-
plished through the 34-in. bushing and, in the case of
WP, by the use of an automatic dry-loading machine
operated at Edgewood Arsena!. Closure was accom-
plished by an air torque wrench exerting 200 in-lb
pressure on a Y-in. long plug. With the high torque
quoted, it was found necessary to use a thicker female
bushing than originally designed.

The compatibility of aluminum and various alloys
was demonstrated by data supplied by Kdgewood
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TasrLe L. Weight and filling relationships for various WP Beano cases.

———— ——— e — s s

A B ¢ D E F G H
i Weight, ounces
Case ) 4.52 2.38 +4.960 5.45 1.586 1.37 1.191
Cup 0.488 0.488 0.626 0.608 0.193 0.193 0.154
Ring 0.112 0.112 0.208 6.208 0.208 0.208 e 0.112
Top 1.171
Bottom 0.490
Plug 0.015
Total 5.120 2.9380 3.794 6.206 1.987 1.771 1.676 1.457
Fuze 2.50 2.50 2.50 2.50 2.50 2.50 2.50 2.50
Complete unit (less filling) 7.62 548 8.29 8.76 4.48 4.271 4.17 3.96
Wt of filling which will give a total unit wt
of 12 03 1 438 6.52 3.71 3.24 7.52 7.73 7.83 8.04
Wt of WP if 10%, void allowed 8.0 8.0 8.0 8.0 8.0 N 8.0 8.0
Per cent of total possible with total unit wt of
12 0z 54.8 81.4 46.3 40.5 | 94.0 97.8 ‘100.0

Standard HE Beano case made from 0.040 steel with short-style® steel cup and brass hold-down ring. Filling vel 140 ce.
HE Beano style case made from 0.020 steel with short-style steel cup and brass hold-down ring.  Filling vol 140 ce.

HE Beano style case made from 0.040 copper with short-style copper cup and brass hold-down ring.  Filling vol 140 ec.

A
B
C HE Beano style case made from 0.040 bras« with short-<tyle brass cup and brass hold-down ring.  Filling vol 140 cc.
D
E

HE Beano style case made from 0.036 28 aluminum with short-style aluminum cup and brass hold-down ring. Filling

vol 140 cc.

F HE Beano style case made from 0.032 No. 21 brazing sheet with short-style aluminum cup and brass hold-down ring.
This unit was made 3° OD rather than the 273" ured on the other metal units,  Over size.

G Northern Industrial Chemical Co. Ethocel unit.  Outside diameter 234" (Figure 2).

H HE Beano style Plax Corporation Ethoeel unit with short-style Ethocel cup and brass hold-down ring. Filling vol 140 ce.

# Short-style cup.  In the WP Heano, herause of the reduced tetryl charge, it has b"wn possible to reduce the length of the
former cup by !{ inch as compared to the cup used in the HE Beano unit,

Arsenal * where it was reported that on continuous
immersion at atmospherie temperature, aluminum in
WP showed no penetration greater than 0.008 in. per
100 months and this occurred almost entirely within
the first 168 hours. The same conclusion was drawn
by independent testers who emploved temperatures
up to 100 C with both dry-and wet WP.3 Under the
same conditions, steel wus considerably more sus-
ceptible te attack.

“Table 2 summarizes the characteristics of the pro-

and the area of particle distribution. In the final fuze,
the burster charge was set at 1.30 g. With the re-
sultant saving in space, it was possible to reduce the
length of the former cup volume required by the T-5
fuze and thus to increase further ths payload of the
grenade.

TasLe 2. Characteristics of production Model WP
Beano case.

No. 21 aluminum brazing sheet

i ” XJ518 aluminum alloy .
duction model (Figure 2). ¢ Material of construction for machine parts
: Wall thickness of case, inch 0.032
_ Weight in ounces:
1.3 THE FUZE T-21 Fuze less tetryl 2.62
. - . ; 94
The only changes in the T-5 fuze necessitated by %:t?\tl\ case 5‘05
the new case and filling of WP Beano were in the size. Total empty unit 461
of the bursting charge of tetryl, the small aluminum Allowable for filled unit 12,00
'h. h h ]d toh I t d th l th f h Allowable for WP 7.39
cup which he d e burster, an e leng o the WP to be put in unit 7.22
former cup which accommodated the fuze. With the Volumes in cubic centimeters:
case described above, data such as that given in 7.22 0z of WP _ 117.5
Table 3 indicated that the burster charge of tetryl 32:33; available for filling l‘;;g
could be reduced to nearly one-half that used in the . o ’
. . H . ge Void volume as “¢ of total volume 10.5
high explosive Beano while providing the apparent Efficiency of loading 97.87

optimum compromise between WP fragmentation
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26 WP BEANO (OD-176)

Tapre3. Number of hits of WP 1§ and )4 in. on 90-
degree vertical target.*

Tetryl

charge 3yd 10yd 15yd 20yd
0.75 36 45 12 -9
1.00 625 33 7 2
1.25 797 31 5 4
1.50 +H 88 .

2.00

189 20 0 3

* (Orientation: Fuze up)

4.1 THE FILLING

411 Alternatives

In addition to WP itseli‘, fillings of a modified na-

ture were considcred. Chief among these were PWP
(WP plasticized with a gel of xylene and GRS
rubber * 7 ) and SWP (WP roinforced with steel
wool).!! Other attempts to alter the filling by the ad-
dition of rock wool, glass wool, cotton, and so forth,
were given only cursory trials. _

In brief, the dispersion and antipersonnel behavior
of PWP and SWP were consistent but different from
WP, The tendeney in both PWP and SWP was to
produce fewer and larger particles of the burning
filling and to throw these a greater distance. Typical
data giving the optimum performance of all three
fillings are presented in Table 4. It should be noted

TasrLe 4. Number of hite of WP }{ and 14 in. on
vertical 90-degree targets. ’

Tetrvi -
Filling  charge 5yd 10yd 15yd 20yd
wp 1.25 797 31 5 4
PwWpP 1.50 80 7 0 3
SWP 2.00

i3 17 9 8

that the different fillings require different burster
charges for optimum performance.

In view of the original requirements for maximum
effect in the area closest to the point of burst, neither
PWP nor SWP was given further attention. The

at Edgewvod Arsenal, an automatic dry-loading tech-
nique gave most satisfactory results. The inverted
body received a delivery vacuum tube through the
bushing hole, and loading was made to the lower edge
of the bushing. The resulting void of about 10 per
cent in the filled grenade ® was a desirable feature, in

view of the extreme expansion coefficient of WP.

Closure was made, as already described in Sec-
tion 4.2.2, with the assistance of a standard luting
compound (Federal Specification II-W-261a), con-
sisting of a mixture of 16 per cent linseed oil and
84 per cent basic lead sulfate. These procedures
coupled with the use of a pipe plug, meeting the
Army-Navy Aeronautical SpeciSeation AN-GGG-
P-363, gave lots with less than 1 per cent leakage,
thus comparing favorably with. the results {rom
standard munitions. Because of low surface tension,
WP has always been a difficult material to seal.

5 SURVEILLANCE°

The seals for the production unity were tested
primarily in two ways, first, by static storage at —30
to 150 F with the plug closure down, and, secondly,
by the Army Ordnance Jolt and Jumble Test. The
former was by far the more severe and was ulti-
mately met by the use of the methods given in Sec-
tion 4.4.2.

4.6 PERFORMANCE!

Qualitative evaluation of the burst was possible
with visual observation but a2 more accurate ap-
praisal was obtained by using semi-circular targets
grouped in 90-degree arcs around a center point at
which the grenade was detonated. These targets con-
sisted of individual manikins mounted upright. The
number of splashes of WP greater than 1{ or 14 in.
was counted after each shot. An aceurate estimate of
effectiveness required counting the number of <imilar
hits on the enclosed area, hence a wooden floor was
provided within the 10-yd circumference. Because of

work was abandoned, with the approval of the vari-
ous Services, hecause only WI* was, at the time, a
standardized filling, and hecause there was no defi-
nite proof that PWP and SWP were equal to WP in
antipersonnel behavior on a volume basis,

/)

»

the slow velocity of WP gobs, those which fly up-
ward and fall in lobs of high arcs may still be classi-
fied as effective, in contrast to similar particles of a
high explosive grenade which would be valueless, So
that there might be no ambiguity in these tests, the
grenades were detonated by the impact of the T-21
fuzes when they fell from a specially designed drop-
ping-tripod, which was operated by remote control.
Representative data of the burst pattern of the
production model showed that, for most orientations
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402 WP Filling

The decision as to whether WP should be loaded in
this munition drv or wet was made by the Chemical
Warfare Service. In the experimental loadings made
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of the grenadz, the coverage at 5 or 1G yd was uni-
form. Only when the filler bushing wa: pointing at
the target was the coverage seriously less. This is
perhaps accounted for by the behavior of the filler
bushing and plug which were expelled as a unit on
detonation. Also, & large amount of the WP filling
tended to be thrown through the fuze opening. In
terms of hits per unit area, the average for a 5-yd are
was 6.5 hits per sq ft, while for a 10-¥d arce the aver-
age was 0.42 hits per sq ft. It is thus seen that the
density for a vertical target at 5 yd was over 15 times
that at 10 vd and that the frontal area of a man
would receive 47 hits at 5 yd and 3 at 10 yd. These
figures may he compared with 3.5 and 0.24 hits to be
expected from the Mark 15 standard WP smoke
grenade, and 1.2 and 0.01 hits from the British
No. 77 grenade. This comparison is even more favor-
able when the three are adjusted by calculation to
the same weight basis (see Table 5). The purpose of

TasLe 5. Average hits per sq ft of vertical target
area per 7 oz of WP.

Grenade 5yd 10yd

_ WP Beano 6.5 0.42

CWSMI15 1.75 0.12
British No. 77 1.05 0.01

these last two grenades, it should be noted, was
primarily to make smoke.

A study of the area patterns indicated a tendency
to a high density of hits in the direction in which the
fuze was pointing and a rapid drop in density beyond
6 It from the point of burst. The material which was
lobbed into the air seemed to produce a band of in-
creased density 15 ft from the burst.

These facts when coupled with ease of aiming and
throwing, made this seem an effective weapon for
limited use wherever an attack with fragmentation
grenades could be improved by an interspersal of
WP. The user had little to fear from the burst, be-
cause the fragmentation of the thin aluminum case
produced only large fragments, which quickly lost
their velocity. Only the filler bushing and the brass
parts of the fuze could travel distances of as much
as 60 yd.

The decision to accept WP splashes of 1{ to ¥4 in.
or larger as casualty producing was based on many
reports issued by both the British and American
Armies. The amount of WP sought was, therefore, a
minimum of about 150 mg, !¢ a quantity which would
burn through at least two layers of battle dress.
Smaller particles would be considered chiefly har-
rassing, unless they happened to hit some unpro-
tected part of the hody. Naturally, several simul-
taneous hits would be more than correspondingly
effective, thus giving point to the discussion of den-
sity of hits.4 '
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The weapon described in this chapter is, in the
writer’s opinion, quite novel, although the principle
of the spigot has been applied before and weapons
based on it are well known. The Spigot Mortar was
originated by a group in Britain known as the Inter-
Services Research Bureau, who had carried it into
full produection in Britain but on a scale too small to
supply American, as well as British, requirements.
At the request of 0SS, and with the full support and
cooperation of the British,? Division 19 assumed the
task of supplving to interested Services sufficient
American samples {or an appraisal of the place of the
Spigot Mortar in American operations. The groups
thus acquainted with the device included the Army
Ground Forees, the Army Ordnance, the Bureau of
Ordnance, and the Marine Corps. Samples were
eventually despatched to the Infantry Board at Fort
Benning, Georgia,® and to the Aberdeen Proving
Ground, Aberdeen, Maryland, but the reports of
these groups were not available at the time of writing
this chapter.

The Spigot Mortar was a weapon capable of throw-
ing accurately a projectile, carrying 3.1 Ib of high
explosive and an impact fuze, over a distance of
200 yd or less without appreciable noise or flash.
These last two feattres were the ones which made the
device unique and recommended its consideration in
a number of sperial operations, which might logically
include attack on fixed installations, either hy time
delay or manual operation, or on moving targets by
booby traps. Because of the noiseless and flashless
features and the element of surprise, the danger of
discovery could be considered negligible.

The total weight of the gun, sight, and one bomb
did not exreed 12 Ib, making it eaxy for an individual
soldier to operate effectively against spocially se-
lected targets, and to earry, if desired, more than one
round. In some ways, the Spigot Mortar can be con-
sidered a useful complement to the rocket launcher
described in Section 1.3. It definitely should not be
considered a competitor, because its range is much
shorter and the rocket ix extremely noisy.

As ordinarily used, the mortar required a tree or
other support, such as a masonry wall or a pole, for
attaching the gun and absorbing the not inconsider-

€ PN WA A R AP RPN I S S R A o .J‘. S A, -’_ P -'_'-b_ L - _ A AR J‘:-':-'. L AT . 4‘_‘-" -'_..."
Chapter 5
SPIGOT MORTAR
5.1 INTRODUCTION'! able recoil. This limitation on its usefulness was not

considered serious and was partially rectified by the
development of a plate support allowing the firing of
the gun at all locations on solid ground.

The Spigot Mortar was in production by OSS at
the end of the waur. So far av is known, it did not
reach the ficld for combat use.

S 3.2 . THE GUN1'?

The gun consisted essentially of a base and a 3§ in.
spigot and weighed in all 43{ Ib. The base was pro-
vided with a screw so that it might be serewed by
hand into a support, which was generally a tree of
over 6-in. diameter._\s an aid in removing bark and
obtaining a smooth bearing surface for the base, one
of the two 414-in. lever arms had a chisel ending.
“The other arm was provided with a hule through
which a trip wire could be guided when boeby trap
firing was preferred.

The spigot was attached and mounted at the base
by a ball and socket joint composed of the spherical
head of the screw and a cover plate held to the base
by three screws, two of whieh were simple cap serews
ordinarily remaining fixed at a preselected adjust-
ment, The third screw was provided with a movable
T-handle which, when loose, allowed free movement
of the =pigot in the hall and socket joint, but, when
tightened by a turn of the wrist, locked the spigot in
the desired location. .

The spigot was hollow and housed a spring-actu-
ated striker which was cocked by a simple pull on a
lanyard and held in cocked position by a trigger.
The spigot tube was mounted firmly in the base and
delivered to it the thrust produced by firing the
round. Thix was accomplished by the relense of the
trigger, which allowed the compressed spring to pro-
pel the firing pin forward. The small pointed end of
the firing pin projected through a small hole in the
forward end of the spigot tube and struck the sensi-
tive primer cap of the prepellent cartridge in the
bomb tail. '

The maximum elevation allowed when using a
vertical support for the gun was about 23 degrees,
g.ving an effective range of slightly over 200 yd. An
assembled gun and the various parts referred to
above are shown in Figure 1.
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THIF. LIVE BOMB

Fioure 1. Spigot and component parts.

No new principles were involved in the construc-
tion of the sheet steel (No. 14 gauge) plate-mounting
which allowed the use of the gun where no support
other than firm ground was available. The gun was
mounted in a plate by means of a trunnion and two
hearings, allowing a greatly increased traverse for
aiming in the vertical plane. The plate was x0 con-
structed that the two cireular rings would cut into
the enrth when the plate was seated by rotation and
oscillation, One trial shot was generally sufficient to
embed the plate solidly in the ground, where it ~ould
then be more firmly held by driving in spikes. Re-
moval required very little effort.

THE SIGHT 4

The sight, ax shown in Figure 4, slid over the spigot
tube and wax fixed in position during aiming by a-
tocking serew. After the gun was positioned and se-
cured, the sight was removed and replaced by the
bomb. Figure 2 shows this sight, in two views
mounted on a spigot tube as though in use, and in
the third folded for earryving. Folded, it measured
15 in. thick, 334 in. wide, 3%y in. long, and it

3.3

weighed about 1.2 1b. This sight was entirely an
American development and was a simplification of
the British design.* The one shown was for the tree-
mounted gun. A modification for high angle trajec-
tory fire would be needed for the plate-mounted gun.

Ordinary use of the sight required its positioning
as scen in the upper left view of Figure 2. The user
standing back to the target and bent over saw an
erect image while both his hands were free to adjust
the gun. The sight was a one-power, rizht-angle tele-
scope calibrated in 25-yd increments by the use of
the peep-hole bored sight shown in the lower right
corner of Figure 2. In those cases when the operator
wished to sight from cover, such as tall grass, a
trench, or foxhole, the evepiece was turned down-
ward, as shown in the lower left view. However, the
body -of the sight was always mounted vertically
above the spigot tube. In all cases crosshairs marked
the target.

- THE LIVE BOMB

« Figure 3 shows the assembled bomb and the vari-
ous component parts, exelusive of the propellent

kN
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30 SPIGOT MORTAR

Fioure 2. Sight,

cartridge. The homb consisted of a tubular tail carry-
ing a propellent cartridge, a stlencing wad made of
soft brass, a screw-cap end-piece and a dust plug, an
impact fuze and its housing, and a soft steel hcad
with cap opening for filling with high explosive. The
head was attached to the tail by locking the hovks on
the underside of the head into a plate located in the
cone of the tail.

The Tail

The most difficult part of the whole weapon to
provide was the tail tubing, for this had to withstand
the tremendous pressures developed by gases from
the burning propellent eartridge, and to seal them
completely from the air. It was this which made the
weapon flashless and noiseless, the unique features
which gave it its chief value. The tube shown was
found by actual tests to withstand pressures below
49,000 psi, a safety factor of 2.5, which allowed the
possible increase of the propellent charge by perhaps
60 per cent, with probably attendant increasc in
range to 275 vd.” No development along these lines
was completed because of time limitations, but future
work of this kind would scem profitable, and it would
doubtless entail a strengthening of the gun mount.

The tail tubing was built up of three seamless steel

3. 41

tubes of SAK 3140 specification sweated together and
sealed with a thick steel plug silver-soldered in place.

3. 02

The Cartridge

This was a specially constructed 12-gauge car-
tridge (FLI-S18), consisting of a cylindrical paper
tube, a copper cap (outer base), and an aluminum
and composition disk (inner base) bearing in its cen-
ter a detonator. The filing was a special nitrocellu-
lose mixture developed for the purpose by the Federal
Laboratories of Pittsburgh, Pennsylvania, and its
waterproofness was assured by a double coating of
Sargent Paraffin Hard.®*

The cartridge, assembled in the bomb tail and
backed hy a soft brass wad bearing a small hole to
allow penetration of the firing pin contained in the
spigot, wax fired hy the blow, with a resultant uc-
celeration of between 1,800 and 2,200 g on the bomb,
thus imparting an initial veloeity of about 200 ft per
sec. The pressure generated by the burning of the
cartridge forced its copper base cap and the adjacent
wad down the tail tube, where they came to rest
against the screwed-in stop ring in the base of the
tail. An essentially gas-tight seal resulted and the
necessity for overlapping tail-tube eonstruction is
now explained.
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OPERATION AND PERFORMANCE 31

Fravne 3.
5.0 The Fuze

Delays in delivery and eertain inconsistent per-
formance by the British fuzes * prompted a study of
this part and the development of an American fuze
based cn the T-3 (see Section 3.4). This Ameriean
fuze was armed by the release of an inertia pin sper-
ating under application of about 122 g, a force well
beyond anything likely to be encountered acsiden-

tally, and yet sufficiently below that given by the car- -

tridge to assure certain functioning. To prevent firing
from rearward reovement (which might occur when
the wad and cartridge base met the stop ring), the
“all ways” features of the T-3 fuze were ~acrificed,
with the result that firing was not always obtained
on glancing impacts of low angle.* Caleulations indi-

. cated that the fuze hecame armed before thebombhad

entirely left the gun, a feature which could perhaps be
corrected by an alternate design which would provide
arming after an elapsed time of ! or 2 sec. Such a fuze
did not exist in Ordnance procurement at the time of
this development and would have great advantages
in many munitions, if it could be developed. A very
preliminary attempt was made to solve the problem.

. ance of the high explosive

Bomb and component parts, - L

the latter type being profon‘é(’ by the Americans
while the former type was standard with the British.
Both were made of light steel stampings and con-
tained « soft brass insert to house the fuze. In prac-

tice, it was found that the light steel cover made very

close contact with the target hefore the fuze had
time to operate and thus insured optimum perform-
e. A filler plug scaled.the
head after it was filled.

It was shown that filling of the heads could be done
practically, either prior to delivery using cast pento-
lite '* or in the field with plastic explosive (Compo-
sition (-2).?

5.5 OPERATION AND PERFORMANCE

The user, having screwed the gun into a suitable
large tree, having aimed the spigot with the sight,
and having replaced the sight with a loaded bomb,
had the choice of three firing methods: the first was
by manual operation of the trigger release cord; the
second was by use of a time delay Pencil (see Chap-
ter 9), from which the spring snout had been removed
to allow free passage of the deiav plunger against the
trigger of the gun; the third was by the connection to

38 the trigger release of a trip wire, as in standard
3 5084 The Head booby-trap practice.
- Two bomb heads were constructed, one to use with The muzzle velocity was determined by firing
4 a poured charge and oue to use with a molded charge, through Boulange screens 18 ft apart. Its mean value
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32 SPIGOT MORTAR

Spigot with sight.

FioUre 4.

was 195.6 ft per sec with a mean deviation of 0.69 per
cent, which corresponds to a deviation in range of
1.4 per cent. The mean deviations observed with in-
ert filled bombs were 7.4 per cent at 50 yd, 1.5 per
cent at 100 yvd, and 1.3 per cent at 150 yd. This indi-
cated that at these ranges the deviation was caused
by varving muzzle velocity and was attributed to
variation in the performance of the propellent car-
tridges. Wind direction had some effect, as could bhe
predicted, for such a large and relatively slow pro-
jectile, but could be compensated for by an expe-
rienced operator. Disregarding this, a 100-yd range
gave deviations in elevation and line of approxi-
mately +£2 ft and +1 ft, and was regarded as the
maximum effective range for targets as small as
tanks or automobiles.?

Ficrre 5. Spigot with bomb,

Tests with trained personnel indicated that the
Spigot Mortar could be removed from a carrying
rucksack, mounted, aimed, and fired within 2 te
4 minutes.

Thae cffe(-mcnms of the charge against various
targets can be judged from the following: (1) on 2- to
214-in, armor plate, blisters with a 14 in. diameter
were projected from the back of the plate and a hole
5 in. in diameter was made through the plate; (2) on
reinforced conerete 9 in. thick, an opening of 18 to
21 in. resulted; (3) an automobile was completely
demolizhed; and (4) a2 lncomotive was su damaged
that it required a month’s repair.®

It is believed that a most effective and novel
weapon was developed and that, in special opera-
tions, it could harass the enemy seriously.
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Chapter 6
SLOW BURNING EXPLOSIVES (SBX)

6.1 INTRODUCTION

The work of Division 19 on SBX originated in a
search for unconventional and yet readily available
materials which would be capable of inflicting severe
damage to enclosed struetures, such as storage ware-
houses and ship’s holds. The hazards common to in-
dustries handling finely divided earbonaceous ma-

terials immediately suggested that dust explosions,

properly controlled and produced, might be a valu-
able military technique. This thought was not origi-
nal with the division, since a large amount of work
had already been done in England, chiefly on coal
dust,*® with, from the theoretical point of view,
slightly disappointing results. _

In this country, a study of many years duration
had been underway at the Bureau of Mines and this
also centered primarily on coal dust, although many
other materials, including fine organic and metallic
dusts, had been investigated to a more limited ex-
tent.? It was thus well known ! that practically all
finely divided combustible materials, if propery dis-
persed and mixed with air in correct proportions,
would burn, when ignited, with a violence and speed
of possibly exploxive proportions.

The difference between inflammability and explo-
sibility, being one of dégree rather than kind, the fol-
lowing experimental quantities were indices of the
course to be followed: (1) relative inflammability
should be high for a military explosive, (2) limit of
explosibility should be low, {3)the presswe de-
veloped would depend on bhoth the heat of com-
bustion and the ventage of the chamber where the
explosion would take place, and (4) the rate of pres-
sure increase would be a measure of the speed of com-
bustion. The last point indicates the chief difference
between high explosives and SBX, SBX bheing of
military value only in those eases where the maxi-
mum pressure effect over a relatively long time is
important, or where ventage is small and confine-
ment good. In so far as heat of combustion ix con-
eerned, high explosives are in no way comparable to
ecombustible dusts, as indieated in kg-cal per g for

the following materials: black powder, 0.7; dvnamite .

(75 per cent), *.3; TNT, 3.6; coal, 7.6; pitch, 8.4;

aluminum, 14.1; magnesium, 6.0; and sulfur, 2.2.
With this background of work in mind, the central

laboratory of the division conducted experiments on

the development of a dust disperser and igniter, and
studied a number of materials which in dispersed
form might give suitable performance in confined
space. The work was done with no thought of more
orthodox military applications and it does not appear
that SBX can seriously compete with high explosives
for use in bombs or shells. The effectiveness of SBX is
limited to confined structures where the ventage is
small, and by hazards in its loading, and the number
of likely tarzets, However, where a special target has
been selected for attack or demolition by a small
group of speeialists, SBX would appear superior to
high explosives, both because of its availability in the
field and because its slow pressure increase in a con-
fined space might eventually cause greater damage
through structural failure than would a comparable
amount of fast acting high explosive whose effect
would be to punch or cut rather than demolish.’

This new work of Division 19 with the cooperation
of Division 2 and Division 11 personnel resulted in
two major developments: the new SBX material
called Salex '™ ' (a compressed mixture of sulfur
and aluminum), and Lulu," % a disperser-igniter for
use with all SBX materials. In the course of the work,
many different substances were tested using a num-
ber of measuring gauges, two special explosion-proof
rooms, wooden buildings, and a ship. From this work
it was concluded that Salex was not as effective, on
either a weight or volume basis, as a number of other
SBX substances, chief of which were aluminum and
gasoline when dispersed and ignited by Lulu. This
igniter, heing small and simple to construct, was be-
lieved valuable for certain uses of a clandestine na-
ture. If necessary, it could even be dispensed with by
the use in the field of suitably cased Torpex or TNT
blocks. In brief, a method for attack on closed strue-
tures was discovered and the tools best suited for the
purpose were made available.

6.2 © SBX MATERIALS *"

There is no searcity of common materials which
can be used for this purpose. An early British memo-
randum lists, for example, 35 different substances
likely to oceur in manufacturing plants, to disperse
easily, and then to ignite explosively with a small
heat source such as a lighted mateh. In addition, it
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4 SLOW BURNING EXPLOSIVES (SBX)

lists 19 more, which will behave similarly when ex-
posed to higher heat.* Almost all of these SBX ma-
terials were organic and carbonaceous, and, of them
all, flour seemed most available and worth trial.
Early trials with 5-lb sacks indicated that dispersal
was best obtained using 75 or 100-g charges of TNT,
and that black powder and blasting powder were not
uniform or complete in action. As was to be expected
from the Bureau of Mines work,? no ignition of dis-
persed four dust wes obtained by using TNT alone.
It was obtained, however, when the high explosive
was surrounded by coarse magnesium flakes,® and
this was the origin of Lulu (Section 6.3). -

Other carbohydrate dusts, including graham flour,
starch, and sugar, gave results comparable with
those of white flour. In general their efficiency was
low (about 20 per cent), when compared, by assum-
ing values of peak pressure, or impulse, and time of
burning, with ealculations made from a simplified
theory of SBX.® By assuming that SBX pressure
arises solely from temperature increase, that all the
heat of combustion is used in this way, that burning
is at a uniform rate, and that the ratio of maximum
SBX pressure to atmospheric pressure is small, ex-
pressions dependent on the volume of confined space,
the ventage, the chemical nature of the SBX mate-
rial, the heat of combustion, and the charge ~ize were
derived. Efficiency is the value thus calculated, com-
pared to that actually obtained from measurements
of the total impulse and pressure-time curves.

Low efficiency may be accounted for by energy
losses: first, becanse part of the charge may have
escaped complete tombustion through loss in ventage
or unfavorable combustion conditions, secondly, be-
cause of variation in the ease with which a given
SBX material can be completely burned, and thirdly,
because of the large loss of radiant heat to the cold
walls of the test structure. In all SBX materials,
these three important points are difficult to evaluate,
the second one only being a function of the chemical
nature of the combustible substance. In the case of
carbohydrates, such as flour, the second factor is ap-
parently very large. At any rate these materials are
poor for SBX purposes.

The efficiency of both coal and hydrocarbon dusts
was nearly 20 per cent, while that of metal dusts
(aluminum and magnesium) was ahout 35 per cent,
flaked aluminum being superior on a weight basis
and atomized aluminum being preferable on a vol-
ume basix. These were definitely inferior to liquid
SBX materials, such as benzene and gasoline, the

efficiency of which was 35 to 40 per cent, and carbon
disulfide, the efficiency of which reached 70 per cent.
However, in the case of these liquids, there was a
long induction period (at least when Lulu was the
disperser-igniter) which, with moderate ventage, re-
sulted in loss of pressure.

A combination of aluminum dust and liquid SBX
materials was shown to eliminate this trouble en-
tirely and, at the same time, to increase the apparent
density. For example, 10 lh of aluminum and gasoline
mixture (d 1.25) per 8,000 eu ft volume gives an SBX
pressure of 13 to 20 psi (1-3 Ib was considered suffi-
cient to demolish an ordinary masonry or wooden
structure).

An attempt to produce a mixture of sulfur and
aluminum which would supposedly show the tneo-
retical maximum effeet was not entirely successful.
The optimum combination of Salex, in either a cased
or uncased unit, contained 75 to 85 per cent alumi-
num compressed with sulfur to 3,000 psi and a dis-
perser-igniter of tetryl representing 10 to 25 per cent
of the total unit by weight. For such a munition, the
calculated total heat of combustion was two-thirds
more than that for a similar weight of TNT, but this
energy could not be freed completely.!” Many vari-
ations in the relative proportions of the two ingredi-
ents, in the burster charge, in the type of case, and in
the addition of carbon disulfide, failed to improve
efficiency, which was always below TNT when used
without additional SBX material, and always below
Lulu when used with SBX material. Only tactically,
in that it formed a non-persistent poison gas, did
Salex have any attraction over other SBX ma-
terials.!?

Typical time-pressure curves for the various SBX
substances tested, and, in some instances, the caleu-
lated performance curves are given in Figure 1. The
value for Salex would be between the values for
tetryl and flaked aluminum.

6.3 DISPERSER-IGNITER (LULU)*?

Having discovered that high explosive was, by a
large factor, superior as a disperser to black powder
or blasting caps, and having ascertained that a sur-
round of magnesium chips was needed to insure ig-
nition of the dispersed dust-air mixture, a more exact
definition of the high explosive, the amount and spee-
ification of the surround, the type of casing for the
complete unit, and the size of the Lulu best suited for
convenient amounts of SBX material, was needed. It
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A DISPERSER-IGNITER (LULU) a5
-,
:(. : 3.0 v ¥ T ] T T T L] | 4 4 ¥ ¥ ¥ ¥

" LULU BURSTER  LARGE VENTING SPACE GAUGE
o 20 HB TETRYLMO 4 0.0 - 1-L8 FLAKE Al & I-L8 GASOLINE
- ===~ CALCULATED CURVE
% 1.0 ———"SMOOTHED" CURVE ] RSl 2-L8 GASOLINE 4
w
ARy 0 E g} 5.0
" » g /—z~|.s FLAKE At
- 10 ——+— € 23
w 0
:'*: -2 { L 1 ! 1 1 1
Oy o0 25 80 75 100 125 150 15 200
2 TIME- MILLISEC

£ Figure 2. Effect of mixing aluminum with gasoline
.4 using Lulu burster, large venting and space gauge.

, -0 { { ¢ } { } } . .

A - was soon apparent that magnesium flakes, while de-
- sirable and in'no case harmful, were unnecessary in
"L the better SBX substances, such as gasoline, but
~- were essential for the poorer ones, such as flour. In
-::'_ the final model, therefore, magnesium in sufficient
W a amount to insure good performance with flour was
- . specified.

i-t.: g It was found also that the case could be, equally
e a well, cardboard, steel, or aluminum, so far as dis-
';- g persing and igniting were concerned. In the final
o model, aluminum wsas chosen for its lightness and

s availability and its tightness against the liquids, pre-

4 ferred as SBX charges. (It will be remembered that,
:'_': =otne high explosives are soluble in gasoline or hen-
":: B zene.) Without loss of performance, the choice of
N ns e high explosive might well have been TNT, tetryl, or
N Torpex, for all three produced identical results, but,
N because of cheapness and availability, TNT was
~ specified.

e The finai Lulu disperser-igniter consisted of 360 +
\ﬁ 5 g of a (0-30-10 mixture of granular TNT, mag-
o nesium Grade C, and magnesium Grade B loosely
:::: s L L s L . . . packed into an alumirum casing (Alcoa 214 ST 16
32 0T T T gauge, round tubing 2 in. OD and 12 in. long) carry-
2 sol taasoun @ | ing serow caps (24 threads per in.) at both ends.
. Holes were there provided for shipping plugs which
e 2.8 § could be removed and replaced by the initiating sys-
:ﬁ Seael tem consisting of a booster assembly (TIE2 or British
:-" ° T e——— ] Type 6) and a delay mechanism such as a clockwork
o or a-¢ delay (see Chapters 12 and 13) or a standard
,,—' -2.8 L A - A ] ] engineer pull switch for lanyard operation or booby
o ° % Reewiwsecs T " trapping. .
‘: Figure 1. Comparison of results of theoretical ealeu- T.h is standard Lulu was too large for convenient
:.‘_\ Iations of S8BX pressure-time churuéteriuticu with testing and most of the results recorded here were

LS

obtained with scaled down charges and the so-called
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36 SLOW BURNING EXPLOSIVES (SBX)‘

A B
T T T | S ~T T T T T T T T T
2-L8 CHARGE MEDIUM VENTING SPACE GAUGE 2-LB CHARGE LARGE VENTING SPACE GAUGE
30 | . L. .
i 155 GM STANDARD LULY

3 zo 35 GM 60-40 BLACK POWDER . 2 il 133 G';::: s':_:'oi’;:f” " T
2 Mg IN Al CASE ' CARCBOARD GASE
w10 Es.0
g 2
[ ]
o w
€ o Ea.s

138 GM TNT IN Al CASE
133 GM STANDARD LULU
I35 GM §0-40 TNT - Mg

IN CARDBOARD CASE

1 4. —te L 1 1 L
-] 2% % 7 00 128 150 173 200
TIME - MILLISEC

-}
-2,8 2 1 : i 3 I3 i 1
] 23 S0 k4] 100 2% 130 178 200
TIME ~ MILLISEC

Figure 3. Comparison of disperser-igniters. A. Effect of nature of burster with flour. B. Effect of nature of burster

with gasoline.

Baby Lulu, a similar unit containing only 133 g of
the TNT mixture. The standard unit was adequate
for dispersing and detonating about 100 1b of flour
and similar dusts, or several gallons of liquid. Since
these materials were readily obtainable in military
dumps, the Lulu weighing only 2 1b could be recom-
mended for field use by an individual soldier. With-
out burdening, it gave him a powerful weapon for
special use.

This, of course, could not apply to Salex, which
was in the nature of an SBX material itself and was
very inefficient for dispersal and ignition of other
materials. :

6.1 VENTING

Of paramount interest in SBX discussion, is the
amount of venting or the ratio of vent area to en-
closed volume. The general effects for extreme cases
are easily foreseen. In the open, an SBX bomb would
spend itself harmlessly and, because of its low speed
of detonatinn, could not be counted on to throw frag-
ments of casing or shrapnel forcefully over a distance
comparable with that for high explosives. In the
other extreme case, where no venting is available,
the pressure on the walls of the confining structure
would become enormous and, when the limit of their
elasticity had been passed, would collapse with com-
plete demolition of the structure. This would bhe a
most favorable case for SBX, and one in which high
explosives would not perform so well, because of
their low heats of combustion and the shattering
speed with which they detonate.

A choice of the correct amount of SBX material
for a given volume depended, therefore, on the vent-

age for that volume and the other factors inherent
in SBX which have been mentioned in Section 6.2.
Figure 4 shows the effects of varied charge sizes for
constant venting, while Figure 5 shows the effect of
changed venting for constant charge.

The curves are based on data obtained from the
use of a specially constructed underground test-
house, a concrete structure measuring 30 ft in length,
and having a total capacity of approximately
4,320 cu ft. The open end and a part of the adjacent
roof were provided with movable shutters and plank-
ing so that the opening could be controlled at will.
The three openings most commonly used were 10, 20,
and 40 sq ft, and designated small (8), medium (M),
and large (L), respectively. For the more inefficient
SBX materials, the M opening was used; for gasoline
and aluminum and mixtures of them, the L opening
was necessary to protect the structure from damage.'
The position of the charge within the structure was
irrelevant, because the pressure obeyed hydrostatic
laws. .

A quantitative recommendation to the field was
difficult but was about 0.05 oz per cu ft.* In a struc-
ture or space with approximately M ventage, the
action of a 100-1b bag of flour on a volume of about
10,000 cu ft insures demolition. The same result would
also be obtained with a gallon (about 30 Ib) of gaso-
line or a sludge of aluminum powder and gasoline,
and such materials would be expected to build up
slowly (in 10 to 15 milliseconds) to a maximum pres-
sure of several pounds per square inch and to main-
tain that pressure for a period of perhaps 50 milli-
seconds, a time which would certainly be sufficient to
demolish all but the strongest construction. Even a
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INSTRUMENTS FOR EVALUATION OF SBX

A

T T | T I 1 1]

LULU BURSTER MEDIUM VENTING SPACE GAUGE

4-LB CHARGE

n
H
o

°

/

PRESSURE - PSH

/
< 1-LB CHARGE

2-18 CHARGE—/ 1

Il | 1 L L L L
50 7% 100 125 150 175
TIME- MILLISEC

20¢

Ficrre 4.
gasoline,

Comparison of eharge size and venting.

l T T T 1 T T

LULU BURSTER SPACE GAUGE

2-LB FLOUR - MEDIUM VENTING
3.0 - / 2-LB FLOUR-SMALL VENTING
2.0 2-LB FLOUR - LARGE VENTING

PRESSURE - P51
°

BURSTER ALONE ~LARGE VENTING
BURSTER ALONE - SMALL YENTING

1 1 1 1 1 ! i
50 75 100 | 1es 130 7%
TIME - MILLISEC

200

FiGuRe 5.
materials,

Comparison of charge size und venting.

structure with a nomber of glass windows could be
considered closed, for while the glass would break
eazily under a sudden blow (such as from a high ex-
plosive) it would withstand for a considerable time
the slow inerease in pressure provided by SBX, and,
in the end, the masonry could be expected to yield
first. 12

6.5 INSTRUMENTS FOR EVALUATION

OF SBX 1218

An accurate measurement of the peak pressures,
as well as the intermediate pressures, at various
times was essential for an appraisal of SBX sub-
stances. This was accomplished by using a number of
diffcrent gauges which gave fairly consistent results,

A. Effeet of charge size with flour.

37
B
T T T T T T T
LULU BURSTER  LARGE VENTING SPACE GAUGE
75 _
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B. Effect of charge size with
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T T T T )
LULU BURSTER 2-LB GHARGE SPACE GAUGE
BENZENE - MEDIUM VENTIN
s b /— It G
4 ~BENZENE - LARGE VENTING
FLAKE Al ~MEDIUM
s Mor VENTING _
[ %
g
2.5
2
(7]
g o
COAL DUST
MEDIUM VENTING i
*28 - COAL DUST-LARGE
VENTING
FLAKE A1 ~LARGE VENTING: .
(3 1 i L 1 1] i N
0 25 80 15 100 125 180 73 200
TIME - MILLISEC

A, Effect of venting with flour. B, Effect of venting with various

so that there was reason to believe that the quanti-
tative comparisons inferred had a firm basis in fact.!s

For the study of the charactetistics of underwater
explosive waves, Division 2 had developed tour-
maline piezoelectric gauges which, through the co-
operation of this division, were found satisfactory
for SBX study and superior to similar Rochelle salt
gauges, commercially available. After thermal in-
sulation to prevent spurious pyroclectric signals,
these gauges ,, ve most satisfactory performance.

A second type gauge, based on a condenser of Gen-
eral Motors design ** gave continuous time pressure
curves comparable to the tourmaline gauges.

A third type developed by the Factory Mutual
Research Corporation * was based on a mechanical
principle and consisted essentially of a piston, the
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SLOW BURNING EXPLOSIVES (%BX)

mass of which per unit area was equal to that of the
structure under investigation, and a spring, which
with the piston executed vibrations at a natural fre-
quency typical of that structure,

A fourth gauge used with suceess was based on the
simple mechanies of the expelling of a projectile of
known mass from a tube inserted in the side of the
test structure. The distance over which the projectile
was thrown was a measure of the pressure per unit
area imposed on the interior walls by SBX.

A modification of this fourth type was devised, but
not extensively used. Essentially, it consisted of a
car of known mass which moved with minimum frie-
tion in & brass tube. Its velocity was determined by
timing its transit through two cleetrie contaets sepa-
rated by a fixed distanee and with a thyratron eircuit
s'uppli(ul to start and stop an eleetrie impulse-counter.
This gauge was u‘u(hl\ adapted to explosions of
varving degrees.

All the gauges gave trouble and were not always in
agreement. It is believed that no new fundamental
design was involved in any of them.

i
6.6 FIELD PER l"()RMAIYZE

Two large-seale demonstrations of the effective-
ness of SBX were conducted: one against several
wooden houses of varied ventage, and the other
against a wooden vessel having two holds of about
2,000 and 10,000 cu ft capacities, The more spec-
tacular results were obtained using flour and the
Lulu disperser-igniter on houses made available by
operations of the Tennessee Valley Authority.?

For exumple, when a two-story building, in fair
condition, measuring approximately 30,000 cu ft, and
with windows boarded up to secure minimum vent-
age, was attacked with a 95-Ib bag of flour, and the
standard Lulu detonated electrically, complete demo-
lition resulted. Although a huge ball of flame en-
veloped the collapsing building, no fire resulted. The
view in Figure 6 was caught by the camera at the
moment when the SBX had lifted the roof and wus
pushing out the walls. Figure 7 shows the interior of
the building at the moment when the SBX is near its
maximum effectiveness, The accompanying flames
can be clearly seen.

A similar trial on a solid wooden house, with a
number of interior pmmmm uml |mu(h ventage, re-
sulted in a dangerous condition, but not demolition.
Small Salex charges, located similarvly in old dwell-

FiGure 6.  Lulu — explosion in mmd(-n house.

Lulu — explosion in woaden house showing
flume, ]

FIGURE 7.

spite of free ventilation, for some time after the ex-
plosion. In a bunker or enclosed trench, the effective-
ness of Salex is unquestioned. Whether such use
would constitute chemical warfare is a matter for
Service definition. '

As might have been expected, the results obtained
in the well-enclosed hold of a derelict, but sound,
wooden lugger were quite gratifying. A standard
Lulu, detonated electrically, dispersed and ignited
80 b of flour with a resultant lifting of the deck
throughout its whele length, splitting of the planks
adjacent to the hull, and blowing away of the cautk-
ing. The badly sprung and leaking hulk caught fire
from the accompanying ball of flame and burned to
the water line ax it sank. Had the vessel been at sea
it is believed that nothing could have saved it. The
heaving deck and the escaping flames are shown in
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ings, did less damage but provided sufficient sulfur ’
dioxide fumes to render occupancy impossible, in  Figure 8.9 DY
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Ficure 8. Lulu — explosion in wooden ship.

6.7 FAST BURNING INCENDIARY (FBI)

The difference between a Slow Burning Explosive
(SBX) and a Fast Burning Incendiary (FBI) is one
of degree. In the former the presence of a ball of
flame is unavoidable and of secondary importance,
while in the latter it becomes the chief feature and
the blast effeet is repressed. That this could be easily
accomplished by a suitable choice of conditions was
demonstrated in England " and repeated in this
country without difficulty * on small wooden strue-
tures. The tactical limitations of FBI are similar to
those already explored in Section 6.1, and it is not
clear that FBI would be useful on any large scale as
a filling for conventional bombs. However, as a spe-

combustible targets, it has much to recommend it,
for the fire produeed is so nearly instantaneous and
the area set afire at one time so large that a suceessful
defense is hard to imagine.

The charge usually employed weighed about 20 Ib
for a wooden hut measuring 13 X 9 X 8 ft and con-
sisted entirely of grade 0 magnesium and a small
amount of magnesimu turnings, Two pounds of gun
powder were ignited by Bickford fuze. An almost
silent flash resulted and a minor explosion, caused by
the SBX effect, provided small openings which in-
ereased the draft. Five seconds after the burst, the
entire structure was enveloped in Hames and all the
interior walls were afia.. Four minutes later, the
structure collapred and in seven mirates was nearly
entirely consumed.' Figure 9 show. ii.e conrse of this
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Ignition of a wooden hut by fust burning

Fiaure 9.
incendinry.

It is apparent that the ratio of effective charge to
volume of structure is much higher for FBI than for
SBX, thus limiting the size of buildings which could

experiment. be attacked in this way.
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Chapter 7
SPECIAL REMOTE-FIRING DEVICES (NR-109)

The simple deviees described in this chapter were
intended for deceptive use by guerilla groups, pa-
trols, and small maneuvering forces, such as those
employed by the Marines and OSS. They were in-
tended to deceive the enemy as to the correct location
of the group, and to trap him into revealing his own
well concealed position. It was proposed that a num-
ber of these devices (Bushmaster) be planted sur-
reptitiously on one flank, and upen their actuation
and the enemy’s presumed reaction, that an attack
be made from the other flank. By the use of trip
wires and conventional booby-trapping techniques
the devices could also be set to cover the approaches
to a defensive aven. The usual usage visualized, how-

Fraure 1,

ever, was with time delay actuation by means of the
standard time Penceil (see Chapter 9).4

Originally, the requirement for Bushmaster was
that: “It shall be small, portable, and self-actuating.
It shallbe capableof being installed by a single opera-
tor in a bushy terrain and shall functionally, after a
predetermined time delay, vibrate or move the
bushes and intermittently fire live bullets in a pre-
determined direction.”

After carly experiments with crude and heavy
models,! a simple one-shot expendable unit was de-
veloped which met these specifications and was put
into limited procurement by OSS. Its extreme sim-

plicity is shown by Figure 1.2 It consisted of a short,
length of gas pipe (7 to 8 in.) reamed at one end so as.”

to chamber a cartridge (.45 caliber, although others,
such as .22 or .30, would be equally feasible with the
appropriate sized pipe). This served as the gun barrel

of the device. The brecch was provided by a pipe cap -

drilled so as to hold a time Pencil (Chapter 9) with-
out its spring snout and primer. The barrel was pro-
vided with a spring elip for attaching the device to
small branches. When the time Pencil operated, its

firing pin struck the primer in the base of the car-'

tridge, as would the trigger of a gun, with sufficient
foree for reliable firing. The inevitable recoil which
shook the supporting branch and the sound of the

Single shot Bushmaster with wire clamp.

live bullet were thought likely to mislead the con-
cealed enemy and to draw his fire, thus revealing his
own position to the users of Bushmasters in hiding on
the flank. For intermittent fire, several Bushmasters
with different colored time Pencils could be planted
simultaneously.

An attempt to produce a multiple-shot Bush-
master based on this design failed, because all the
time Pencils were the same color and in such weak-
ened condition that the firing of the first delay dis-
charged the others as well, It was necessary to de-
velop an entirely original device and this took the
form of the simple clamp shown in Figure 2.
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SPECIAL REMOT-EFIRING DEVICES (NR-109) $1

A time Pencil, again minus its spring snout and
primer, was attached by means of a simple screw-
mount to the trigger guard of a standard M-3 sub-
machine gun, so that the Peneil rested firmly against
the trigger through a forked adapter. The gun was
then mounted on a small tree. The firing pin of the
time Peneil, upon striking the trigger, discharged the
entire clip because of the constant and sufficient .
pressure exerted.

For booby-trap use, the multiple-shot Bushmaster
was modified by the substitution of a standard pull
switeh for the time.delay. Production of all three
Ficrre 2. Peneil elamp for M-3 submachine gun. types was successful.“ »

s
e e'a

:. l“: ‘,"..
.

’-i

RESTRICTED

.F W » e s 4\ B LA .r
\ \ w \ \ “- 252%] \. LYY \.$
\" $$\ S0GH8Y, ;s""\ =% o 1 \."' 'f\ "\j\ Jos SR
. ) S 7 Y ; P .- AR en'i e et
‘?( ' -.A. GG T n‘» L .~'\.~f )L‘r' '('\ \'f AU «'f'g'\_'\\. —.'. *\1‘0'\{\1\ T \1\‘\\.‘ \‘ PR
{
I Y




PART 11
SPECIAL FUZES

In Part 1T of the Summary Technical Report of Di-
vision 19, a few devices and several unsuccessful at-
tempts to meet, by simple means, various field re-
quirements, for initiating explosive and incendiary
charges are discussed. The bulk of this work was con-
cerned with time delay mechanisms, which probably
will be of greatest value, for, as far as the writer is
aware, research done in World War 11 on these small,
simple, and very useful fuzes has not previously been
gathered together.

In Chapter 9, the work done with the existing time
Pencil is deseribed in detail. In Chapter 10, the sue-
cessful development of a substitute for this delay,
having improved qualities of temperature indeperd-
cice and reproducibility, is discussed. Chapter 11
deseribes the simple conversion of cither of the above
time Pencils to incendiary fuzes with silent operation.
Chapter 12 gives the details of seversl clockwork de-
11y merhanisms covering a range of timings between
{ minute and 6 days, and, it is believed, that a previ-
ously existing gap in American munitions was

Chapters 8 and 14 give the results of work with
two fuzes which were to be triggered by external
forces at a preselected moment and which were not
time delay devices. The first of these was a marine
type known as the Concussion Detonator, which
operated most suceessfully under water upon receipt
of the explosive wave from an underwater explosion
in the vicinity, thus allowing the simultaneous firing
of many underwater charges. The other device, de-
seribed in Chapter 14, was a radio-controlled switch
intended to be operated by the receipt of a long signal
with preselected characteristics. It was rendered safe
against accidental triggering and provided with self-
destructive and booby trapping features.

Some of the observations made in Chapter 1 apply

“to the devices described in this part of the STR.

Thcy were on the whole very small, simple in opera-
tion and construction, reliable, and best suited for
use by individuals in special operations. These were
naturally concerned mostly with demolition. The
Service groups who expressed interest and followed

O

this work of Division 19 were the Corps of Engineers,
the Signal Corps, the Bureau of Ordnance, the Chem-
ical Warfare Service, and OSS.

thereby filled. Chapter 13 describes the unsuceessful
attempts to develop time delays based on a variety
of physical and chemical phenomena, and one delay,
the so-called AC Delay (Acetone-Celluloid), which
was produced and used in small numbere,
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INTRODUCTION ! 8. 2

In both ground and underwater demolition work,
it was frequently desirable that several charges of
high explosive be detonated simultaneously. This
could be accomplished by Jinking charges with Prima-
cord, an operation which was not recommended, be-
cause of the time involved, the requirement of skilled

. personnel, and the clumsiness of the procedure. At
the request of OSS, Division 19 personnel undertook
the solution of this problem, basing their work on the

“development of a Sympathetic Fuze, which, on receiv-
ing the shock wave set up by the explosion of one

" charge, would initiate another charge. Such a fuze

"~ was successfully developed. In its underwater appli-
cation, it was of interest and value to the Corps of

“ngineers working at the Engineer Board at Fort
Belvoir, Virginia, and zt Fort Pierce, Florida, as well
as to the Navy's Underwater Demolition group. The
problem of developing a Sympathetic Fuze for use in

! air was more difficult and the solution less satisfac-

Bl tory. Both types are described in this chapter.

The former was entirely mechanical in operation,
while the latter, in its most sensitive form, employed
batteries for initiating the charge electrically. The
marine type was ultimately produced in quantity by
the Engineer Board and was known to NDRC as the
No. ui Concussion Detonator. A very similar model,

.. differing only in minor points, was produced by 0SS
~ and known as the No. 67 C'oncussion Detonator. The
“operaticn of both fuzes depended on the blow given a
firing pin by a bimetallic click diaphragm, when it
was struck by the concussion wave sent through
water from an exploding charge.

Before these final models were perfected, prelim-
inary fuze designs were made with frangible glass
diaphragms. Section 8.2 describes this work in more
detail.

The division was also concerned with the arming
mechanisin for both marine and air fuzes. For the for-
mer, theconventional salt hlock wasimproved upon by
the development of the so-called Electrolytic Arming
Disk (Section 8.4.2). For the latter, a somewhat sim-
ilar arming was accomplished by forcing a constant
viscosity liquid through a controlled orifice (see
Section 8.4.3).

! The material presented in thix chapter describes a

new type of fuze, valuable for many underwater uses

8.1
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Chapter 8
SYMPATHETIC FUZE OR CONCUSSION DETONATOR

and of interest, also, for demolition above water.
The production of both the No. 66 and No. 67 fuzes
was sufficient to demenstrate unequivocally that the
Concussion Detonatorwas a safe and producible item.

PRELIMINARY DESIGN ™ %
GLASS DIAPHRAGMS

Through the courtesy of British liaison officers, the
division contractor was provided with a2 Sympathetic
Detonator constructed on an inertia principle and
having a maximum range of about 70 ft. This device
consisted of several brass tubes containing as the
sensitive member, a heavy weight, halanced on a core
pin and susceptible to the slightest jar. The device
approached an antidisturbance fuze in nature.
was considered not altogether sound. American at-
tempts to alter this design, by the incorporation of a
glass diaphragm into the firing mechanism, indicated
¢ " once that too great a strain would be placed on the
glass member and that the fuze would have a shock
sensitivity so great as to be unsafe to handle. The
British fuze was already open to this criticism and
was, moreover, most variable in its performance.
This fuze is illustrated in cross section in Figure 1,8
and it can be seen that its functioning depends upen
carefully releasing support {rom a weighted pin, the
point of which rests on the peint of the trigger for
reieasing the firing pin.

The principle of a frangibie glsss diaphragm, Low-.
ever, became the basis of several designs, of which the
three most important are described in Sections 8.2.1,
8.2.2, and 8.2.3. , '

8.2

8.2.1 Direct Release ! 18

It was found possible to alter the standard release
switch used by the Cor of Engineers so that its
operation was restrained only by a piece of 0.006-in.
gless of 14 sq in., supported only on its rim. Against
this glass window, rested the standard split-sleeve
pull-pin release mechanisin ¢ tained in its water-
tight case. When submerged, this fuze failed to fire,
only hecause of the very delicate support given the
relcase mechanism by the thin glass window. The
detonation of a high explosive charge within a radius
of 50 ft at a depth of 5 ft or more was found to pro-
duce a sufficient shock wave in the medium to break
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16 SYMPATHETIC FUZE OR CONCUSSION BETONATOR

Ficere 1. Inertia type Sympathetic Fuze.

this thin glass window and to release the firing pin.
The design, however, was fauity, Entry of water into
the actual firing mechanisn frequently prevented
normal functioning, and the glass windows were very
sensitive to aceidental dropping. Although the fuze
had an arming system which prevented its firing un-
der such conditions, it was not a practical design.
This prompted the development of further designs
in which the firiag mechanism did not rest direetly
upen the glass wincow and henee the glass wax uader

Seltzer had a weight of 40 mg, a diameter of 0.160 in.,
and a height of 0.156 in. Essentially instantaneous
(that 15, less than 0.5 see) operation was obtained.
In Figure 2, iilustrating this early model, the glass
diaphragm is apparent and the small underlying wire
container for the salt pellet appears. A standard salt
block and pull fing proviue safety.

o no strain.

: “: i
Vg . |
2. 8.2,2 Indirect Release |
. By retaining the Army's M1 pull type firing device j
. ax the mechanical basis and the glass window as the |
- shock sensitive basis, a fuze was designed which ree- {
- tified these two objections. All moving parts were :
‘ completely enclosed within a waterproof easing, and Fiorre 2, Indircet relense, glass dinphragm  type {
B the release mechanism was restrained by a secondary Symputhetie Fuze. ’
-\ deviee, rather than by the glass dinphragm. This !
. secondary device consisted of a pellet of compressed . - . '
-~ N . . . 8.2.3 Electrical Firing ¥ % .
salty which was held in a small wire basket located in g .
- a chamber direetly beneath the frangible glass dia- Because of the necessity for a watertight inner .
“~ . . . . . . []
» phragm. So long as this salt pellet retained its compartment for the moving parts, which in manu- ‘
’ strength, the release mechanism was unable to fire, facture might prove difficult, an electric model uti- p
K but breakage of the glass window under water and  lizing a simple sea cell was proposed. This consisted of !
- entry of the water, resulted in alinost instantancous  a battery, lacking only the clectrolyte for its opera- '
- dissolution of the pellet and release of the firing tion and providing 114 amp at 6 v upon the addition 3
T mechanism. A suitable pellet made from Bromo- of a suitable dectrolyte such s sea water. It was .
‘ }
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METAL DIAPHRAGMS 47

proposed that in this design, upon the breaking of the
glass window, sea water would be admitted to the sea
switch, which, within a fraction of a second would
deliver the electric current necessary to fire a stand-
ard electric blasting cap. The practicability of this
approach was demonstrated, but the design was not
perfected because the Armed Forces believed that
dependence upon water of definite salinity would
limit the usefulness of this design. Also, a require-
ment of 24-hour submersion in 20 ft of water was a
definite handicap for any device of the glas: window
tvpe, since it was found that glass, when under such
continuous stress, would break after a given period,
and that the glass of 0.006-in. thickness used in these

- three models would not withstand 15-ft pressure for

that length of time.

8.3 METAL DIAPHRAGMS

8.3.1 Preliminary Designs 12118

It was suggested that the use of unequally stressed
bimetallic diaphragms would have many advan-
tages over glass ones, in that they would not be sus-
ceptible to the breakage or strain imposed by long
submersion, and in operation would not allow the
entry of sea water, thus making the design of a
watertight fuze a simpler task.

A number of such models based on the M1 release
type mechanism were constructed. The retention of
the M1 device as the basis for design resulted in loss
of simplicity, for it was found necessary to mount the
metal diaphragm longitudinally to the firing pin and
to transmit its energy through a trigger system. Ap-
parently, this would be a complicated production
matter, Largely because of this, the M1 release
mechanism was abandoned as the basis for firing,
but not before a number of experimental models had
shown the soundness of the metallic diaphragm ap-
proach. Using 214-in. Phosphor bronze disks in water
having a depth of 20 ft, overational ranges approxi-
mating 80 ft were obtained, when 2-lb charges were
fired 3 ft below the surface. In many instances with
fuzes similarly placed, operation at a distance of
500 ft was obtained. The range depended upon the
diaphragm stiffness, and Table 1% illustrates this rela-
tionship, as determined in small-scale experimenta-
tion in air. In either air or water, orientation of the
units with respect to the location of the ('harge ap-
peared to be of minor importance.

TasLe 1.
stiffness.

Relationship between range and diaphragm

Response range in feet
from ¥4 pound TNT

Diaphragm siiffness in
pounds per square inch

9 . X
4.5 10
0.75 18

A similar relationship between range and dia-
phragm stiffness was found to exist when the fuzes
weve operated in water, although a 9-ib diaphragm
was considered the minimum for safety in water be-
cause of the requirement that the fuze not fire spon-
tarcously at depths of less than 20 ft.

Several important basic designs resulted from ex-
perience with this early fuze. It was learned that the
metal diaphragm should not be tightly clamped at
the edges, but should be seated on a rubber washer
which would serve to exclude water from the interior
of the fuze. Also, for protection, the diaphragm
should be covered with a thin rubber membrane with
a negligible spring or snap action. It appeared too
that the total internal air volume in the fuze should
be several times the volume change occurring when
the diaphragm was deflected to the snap point, and
provision was made for this air to travel freely around
the edge of the metal diaphragm and equalize the in-
ternal pressure with that of the very small air space
between the metal disk and the rubber diaphragm.
‘The snap diaphragm, in the unfired pesition, at no

point should contact the trigger mechanism uatil it -

had been operated beyond the snap point,

8.3.2 Fuze No. 66° and No. 67!

These devices differed from each other so slightly
that they will be treated as a single fuze. They dif-
fered from the early designs described in Section 8.3.1
in that the M1 release mechanism was entirely aban-

. doned and . new firing system was adopted in which

the firing pin, at right angles to the bimetallic dia-
phragm, received directly the blow delivered by the
snap of the diaphragm. Thus, the elaborate trigger-
ing system, necessary in the previously used longi-
tudinal design, was entirely eliminated and the desir-
able features retained. Figure 3 illustrates the general
features of both the final fuzes.

The No. 66 fuze was provided with a 9-45 Ib dia-
phragm, whereas the No. 67 bore a 9-70 Ib diaphragm

of Type C Phosphor bronze. These figures mean that

the disk would snap at a pressure of 9 1b per sq in.
hydrostatic, and exert upon the firing pin 45 or 70 Ib,
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48 SYMPATHETIC FUZE OR CONCUSSION DETONATOR

tNGHES

Ficure 3.  No. 67 Sympathetic Fuze.

which was sufficient to give high detonation. Ail
parts were made of die castings, with the exception
of the firing pin, positioning aud catch springs, the
snap dizphragm, and synthetic rubber parts,

Safety was provided by a salt block, which was lo-
cated on the side of the trunk of the fuze. Dissolution
of this caused a very lightly loaded positioning spring
to displace a safety ball and to move the firing pin
away from the snap diaphragm. When the firing pin
had moved the proper distance, it was held in place
by a eatch spring fitting in a ctrecumferential noteh.
This cateh spring counteracted the foree exerted by
the positioning spring and placed the firing pin in an
aimed position ready to be struck by the spap dia-
phragm. When the end of the firing pin had moved
from the snap diaphragm into the armed position,
the diaphragm was free from any elastic deformation.
Sufficient pressure on its outer convex face would
cause it to deflect and snap into a dished concave po-
sition, thus delivering an impact directly against the

;'4'

' \\\\\“\\\

N m‘;,\ ,
lli\

\\\\

firing pin, which, thus released from its catch spring,
moved forward to fire the percussion cap. Actual
photographic measurement showed that the time re-
quired for this snap operation varied between 500 and
2,000 microseconds. Figrire 4! shows the details of
the final design.

The fuze weighed 1214 oz, including a watertight
cap screwed over the soluble plug and a second cap
closing the stnker channel. It looked like 2 mush-
rc »m measuring 214 in: in height and 25§ in. in out-
side diameter. It was packed in hermetically sealed
tear-strip tins 4 in. high and 33y in. in diameter, the
total weight being 1 1b 2 oz, including the detonator
and burster.”

8.3.3 Depth Compensation 2.

The design described in Section 8.3.2 is not com-
pensated for depth and the Concussion Detonator
may be expected to fire spontancously when im-
mersed to a depih sufficient to snap the diaphragm.
In actual tests it was found that 20 ft was a safe limit.
for the 9-1b disk. Some work on a method of compen-
sating such a fuze for depth was performed, but ad-
vantage was never taken of this because the com-
plexity and added e:pense were not considered justi-
fied for the operatxonq visualized by the interested
Services.

" The simplest and most effective method of obtain-
ing coragensation would consist of merely trapping a
volume of air behind the snap-diaphragm. For ex-
ample, a short, vertical, open-ended pipe with the
diaphragm ‘sealing its upper end, would provide
nearly perfect compensation for a fuze in a vertical
position. Operationally, the variable volume of air
backing would have to be sealed or so arranged that
it could not escape in any position of the unit, which

7

END VIEW WITH COVER AND
DIAPHRAGMS REMOVED TO
SHOW CATCH SPRING

Figure 4.  Cross-sectional and end views of Ne. 67 Sympathetic Fuze,
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ARMING ‘ 49

would not be true of the above system. Sealing off
with a thin rubber membrane would be a possible
solution.

Another possible compensator, a few models of
which actually were constructed, involved the use of
metallic bellows, which permanextly soldered in
place, offered no sealing, aging, or porosity problems.
S.ch bellows, having 14 corrugations and a diameter
of 27{¢ in., were sufficicui to compensate fuzes such
- as the No. 66 and the No. 67 to depths of approxi-

mately 50 ft. However, this compensation involved
inereased size and it was not regarded favorably. Also,
.because of cushioning or back pressure, the sensitiv-
“ity of the diaphragm to the concussion wave might
prove critical. For reasons such as these, compensa-~
"tion was not further investigated, but a number of
‘reports 12 1315 18. 24 give ful] details.

8.1 ARMING

8.1.1 Salt Blocks

The use of salt blocks for the delayed arming of
marine devices is very old, and a cursory study of
available naval information indicated a great many
‘varieties of salt blocks designed to give various tim-
ings. The principle of operation, of course, depends
" upon the dissolution of the sal* block in water to the
peint where the deviee is armed and ready to fire.

. 'In the case of the Concussion Detonator, it was not
" necessary that the device be fully armed hefore this

point was reached, for the concussion wave traveling
through the water may exert a force upon the metal-
- lie click diaphragm sufficient to cause firing of the
device if the salt block has become weakened.

The timing of the blocks used in the Concussion
Detonators was the subject of many exhaustive
. studies by the Corps of Engineers,>® by Maryland
Research Laboratories,'® 2 and by the developer of
the fuzes.? The Engineers conducted tests using
actual salt blocks, in surf, in relatively still water,
and in turbulent water at varying depths. The Mary-
land Research Laboratories and the Holmes Electric
Protective Company conducted tests in a tank under

safe time was reduced from 25 to 5 min, and the arm-
ing time fiom 1 hour to 25 min. Such behavior was
independent of the nature of the salt plug and, gen-
erally, the addition of different salts and compression
to different degrees did not influence this behavior.
The effects of temperature, salinity, or position were
minor.

The block finally selected for use was composed of
93.75 per cent sodium chloride, 6.00 per cent aspirin,
and 0.25 per cent Prussian blue. It was molded under
a total pressure of 2.17 tons. Attempts to rectify
sensitivity to turbulence by alterations in the housing
of the salt plug ! were unsuccessful and no advantage
was taken of them because of the lateness in the war
of the development. It would appear that, if the
Sympathetic Fuze is to be produced in the future, the
salt block should be replaced by the Electrolytic
Arming Disk, described in Section 8.4.2.

8.1.2  Electrolytic Arming Disk

This was intended for usé in sea water and it would
not operate satisfactorily in fresh water. Designed to
utilize anode corrosion as a timing mechanism, it con-
sisted of a disk-shaped primary cell mounted in a
cas'ng in contact with a spring-activated plunger in
such a manner that the disk blocked the forward
motion of the plunger. Its dimensions allowed it to be
used as a replacement for the salt bleck in either the
No. 66 or No. 67 model of the fuze. -

In essence the Electrolytic Arming Disk wus sim-
ilar to the sea cell mentioned in Section 8.2.3. The
primary cell consisted of a perforated magnesium
disk anode electrically short-circuited at its center to
a silver-coated silver chloride disk of smaller diam-
eter which formed the cathode. Upon immersion in
an electrolyte, such as sea water, ce'l action caused
the magnesium disk to corrode. Corrosion was con-
fined to narrow annular rings around the spokes of
the disk, by masking the remainder of the surface
with enamel or lacquer. When the spokes corroded,
the center portion of the disk was ejected by the
spring, and the plunger moved forward to actuate the
arming mechanism. Typical data for the performance
of such a disk are given in Table 2.2

controlled conditions of temperature and circulation. Table 2 shows the negligible effects of temperature,
o All data agreed that turbulence of the ambient water  positionof the cell, and water turbulence upon timing.
T could seriously affect the arming period and that ab- It was this last feature which so recommended the
A, normal and undesirably short, safe arming times were  Electrolytic Arming Disk. Unfortunately, however,
'_':'J' obtained for fuzes in flowing water. For example, in it was sensitive to salinity, as well as to the thickness
.,'::.:-J' water at 60 F flowing at the rate of only one knot, the  of the disk and the amount of exposed surface, but
o
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50 © SYMPATHETIC FUZE OR CONCUSSION DETONATOR
TasrLe 2. Performance of Electrolvtic Arming Disk. Tasie 3. Variations of time with variations of
—= salinity.
Temperature Position of Time of opening in
degrees F cell artificial sea water Per cent normal  Time of arming
3, " te) Yasiti
300 + 0.5 up 214 mmutm sea water at 70F Position of cell
down - 23.9 C 114 15.0 minutes up
Coeoside 215 ¢ 145 ¢ side
’ T . 100 " 151 ¢ up or side
’ Avg‘ %2.3 75 202 ¢ up
70.0 + 0.5 up 18.7 minutes » 199 ¢ side
up*® 179 « 50 282 ¢ up
\ d‘_’(‘j"" }gg “ 288 ¢ side
' side X “ . C
: e “ 25 55.0 “ up
side* 15.4 503 4 side
\ Avg 174 ¢ 0 12 hours up
. 11 “ side
. 90.0 + 0.5 up 15.4 minutes
V down 13.7 ¢ i . . .
' side 37« Figure 5 shows views of an assembled disk and its
= component parts. Because the cell was sensitive to
Avg 143 “

moisture, it was kept tightly sealed, until the moment
of use, by a brass cap which was unscrewed when the
none of these objections were considered insuperable.  Sympathetic Fuze was placed. Subject to the limita-
The change in salinity was not considered serious for  tion of deterioration caused by atmospheric corro-
conditions likely to be eneountered in the ocean or sion, the Electrolytic Arming Disk seemed to be a
along its shores, and the other objections could be significant improve.nent over the conventional salt
controlled in manufactare. Table 3% shows how the  block. It could be made, of course, for any desired
titne obtained varied wiih salinity. timing.

*Coll kept in motion to simulste wave motion.  All others in siill water.

Ficure 5. Assembled and exploded view of Electrolytie Arming Disk.
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8.+.3 Silicone Arming Device ® for

Air Opcration

For air use, neither the salt block nor the Elec-
trolytic Arming Disk would suffice, because both re-
quired water for their performance. Work on an arm-
ing mechanism suitable for air operation was under-
taken, since many devices could profit by such a de-
velopment. The result was a dash-pot type of delay
suitable for use with the No. 66 or No. 67 Sympa-
thetic Fuze. It consisted of a piston pushed by a
spring against a neoprene cup. The cup contained a
silicone fluid which leaked through a capillary on the
top of the device. With a suitably sized orifice, 10 min
were required for the piston to move sufficiently to

" free the ball in the Sympathetie Fuze, thus arming it.

The remarkable new silicone oils seemed especially

-suitable, becavse of the independence of their vis-
- cosity to temperature. Careful control of spring ten-
sion and orifice size would be required in manu-

facture.

There was a possibility that a volatile plug might
.. be found which would function in air in 2 manner
» analogous to the salt plug in water. A search of chem-

ical literature and appeals to a number of industrial
laboratories failed to locate any substance which
could be useful for this purpose, available in quantity,
inexpensive, sufficiently volatile, and odorless.

PERFORMANCE IN WATER

Beeause of the incompressibility of water, the pres-
sure wave set up by the explosion of underwater
charges is large and extends over a considerable dis-

8.5

-tance. Fortunately it was not necessary to determine

the exact relationship between weight of explosive,
pressure wave, time, and distance, for this had al-

‘ready been done? From data of this sort, it seemed
that the Sympathetic Fuze could be counted upon

for reliable actuation by charges as small as 214 1b at

“distances of 50 to 100 ft. Larger charges at greater
‘distances could also be expected to give reliable
functioning.

A number of tests conducted by the Enginecer
Board? and confirmed by other investigators®
showed clearly that the range obtainable was a func-

" tion of the weight of charge, the loading of the click

diaphragm, and the type of bottom. It appeared to be
independent of the type of high explosive used, no
noticeable difference being obtained from charges of
Composition C2, TNT, or Torpex. As might have
been expected, the range was increased by increasing

the depth of both charge and fuze, for the charge did
not then expend any considerable portion of its
energy in the air or against the bottom, as it woula
in shallow water, and the fuze was close to its spon-
taneous firing point because of hydrostatic pressure.
It was found that the safe effective range for 100 per
cent functioning, using a 9-70 lb bimetallic dia-
phragm, was 75 ft at a depth of 3 ft, and 100 ft at a
depth of 5 ft. In all cases, standard charges of 214 1b
of high explosive were employed. The safe effective
range was obtained over a mud bottom, and it could
he expected to he doubled over a hard, sandy sea bed.
Data of the sort usually obtained are given in Tables
4 and 5. Table 43 indicates the relationship between
range and depth of water using a 214-lb charge with
both charge and fuze at the same depth. Table 5 ¢

Tasrk 4. Relationship between range and depth of ‘

water.
Depth of water Range
in feet in feet
2 40
4 . 90
8 200

indicates the difference between mud bottom and
sand bottom with charge and fuze located at various
dépths using 9-70 b diaphragms and a tota! water
depth of 20 ft.

TanLe 5. Variatica between mud bottom and. sand
bhottom. R S

1001 ¢ firing distance
of fuze from charge in feot
Mud bottom Sand bottom

Depth of charge and
fure in feet

214 55 105
3 75 125
4 90 165
5 115 200

The above tables have assumed that the Concus-
sion Detonator and the actuating charge were at
identical depths. Figure 6! indicates the beneficial
effect of increasing the depth of the actuating charge,
regardless of the depth at which the Concussion De-
tonator is located. It is believed that this is instrue- -
tive for many types of marine use.

The proximity of large objects which might tend to
absorb the concussion wave, as would be expected,
materially reduced the range, thus, for example, fix-
ing the Concussion Detonator to a charge adjacent
to a vessel resulted in appreciable loss in range and
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52 SYMPATHETIC FUZE OR

CONCUSSION DETONATOR

sensitivity. In this case, the vessel could be consid-
ered as a large volume of air tending to cushion the
shock wave. For work against underwater obstacles
this consideration was usually unimportant.'®

8.6 PERFORMANCE IN AIR

8.6.1 Metallic Diaphragm Type *

Table 1 indicates that fuzes of the No. 66 and
No. 67 type could be used for the detonation of
charges in air utilizing the shock wave produced in
that medium. Beeause air is tremendously more com-
pressible than water, such shock waves can be ex-
pected to have the necessary force only over much
shorter ranges, and hence operation of the marine
tvpe fuze in this way, while possible, cannot be ex-
pected to equal the ranges shown in Table 5. Results
obtained when plastic explosive or TNT was de-
tonated in air in an open grass-free field with the
metal diaphragm facing the sky are given in Table 6.

From this data it appears that there was little dif-

ference in the effectiveness of the two explosives

TaBLE 6. BResponse range of Sympathetic Fuze in air. *

Actuating charge Response range in fect
1 1b TNT 28
1 Ib TNT 34
2 b TNT 37
}h C3 27
141b C3 33
2t b C3 50
44 C3 60
91b C3 75

tested and that the effective operating range was not
greatly increased by increasing the actuating charge.
In special eases for short range work, particularly
within confined structures where there are few ob-
stacles separating the actuating charge from the Con-
cussion Detonator, the latter may be useful, and the
cumbersome and time consuming procedure of hook-
ing together multiple charges with Primacord may be
avoided. If this type of operation were an important
one, it would appear that the development of a new
fuze for the purpose would be preferable. Such a fuze
in a preliminary form was devised and is described in
the following section.
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Fiaure 8. Effective range of No. 87 Sympathetic Fuze at varying depths of both fuze and sctunting charge.
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MANUFACTURE AND QUALITY 53

Fiurre 7. Operation of Sympathetic Fuzes in open water.

8.6.2

N

(Y

e !

AN

Reed Type®

Assuming that the use of batteries wax allowed, a
device was construeted which depended upon the
closure of an clectric circuit, containing a squib or
electric blasting eap, by the action of the concussion
wave from an actuating charge. It consisted simply
of a reed connected to one terminal of a flashlight
cell. Connection of the other cell terminal to a bind-
ing post on a contact plate was through an electric
detonator to the reed clamp. An inward deflection of
31 6-in. caused the reed to touch the sloping contact

plate, and, because of friction, to adhere to-it long - -

enough for an intense electric impulse to pass through
the squib. The sensitivity of this type of Sympathetie
Fuze was found to depend on the stiffness and length
of reed, the clearance between the edges of the reed
and the edges of the opening in the fuze, the shape of
the contact plate, clearance between it and the reed,
and lastly the free volume of the fuze body and sound
- absorbing properties of its interior. Lither hard

heryliura-copper foil or similar aluminum foil of
0.006-in. thickness in a free length of 2 in. formed a
-suitable reed. Its separation from the contact plate
was close to 0.005 in., the latter being at a constant

slope of approximately 10 degrees. It was upon these
features that the sensitivity of the fuze depended.
Such a fuze seemed to respond to the relationship
R ~ Q!, where R is the operating distance when
charge @ is detonated. Using the same actuating
charges given in Table 6, the reed type under identi-
cal conditions gave ranges of 40 ft, 60 ft, 75 ft; 50 ft,
60 ft, 75 ft; 120 ft, and 150 t,? averaging nearly twice
that of the metal diaphragm type.

8.7 MANUFACTURE AND QUALITY *2*7

NDRC semi-production, together with independ-
ent Engineer Board production on a larger scale,
showed that the Sympathetic Fuze in either model
No. 66 or No. 67 was feasible to manufacture. Die
castings were used throughout with the exception of
the firing pin, positioning, and catch springs, the
snap diaphragm, and synthetic rubber parts. Toler-
ances were determined by many tests to be well
within good manufacturing practice. No difficulty
was encountered in obtaining uniform metallic dia-
phragms, and the chief trouble which arose was
caused by the variability of the arming time when
salt blocks were used.
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Chapter 9
PENCIL (SRA-3) FIRING DEVICE, DELAY TYPE, M-1

9.1 INTRODUCTION 1.%.46.5

In Part I of this volume, frequent reference has
been made to the use of time Pencils for delayed-
action firing of several devices including the rocket
launcher (Chapter 1), the oil slick igniter (Chap-
ter 2), the Spigot Mortar {Chapter 5), and special
remote-firing devices (Chapter 7). The general use-
fulness of short and reliable time delays in clandes-
tine and special operations is, therefore, apparent
and does not require amplification here.

In most of the cases mentioned above, the time
delay was employed to initiate an explosive charge or
weapon and, in the form suitable for this purpose,
was known in the United States as the Signal Relay
American Model 3 (SRA-3). The British originators
of the device had given it the code name Signal Re-
lay. When it was put into American production, the
distinction was made between SR and SRA, and,
since American production went through several
changes, SRA-3 represents the third and final mode!,
12,000,000 of which were ultimately manufactured.
In the case of the oil slick igniter, the time Pencil
was slightly modified to accomplish the initiation of
an incendiary charge rather than an explosive charge.
This was done by substituting a matchhead ending

in place of the primer cup ending of the standard

SRA and is ihe subject of Chapter 11,

A device, of such-general u-ofulness was required in
such a quantity as to warrant tremendous produc-
tion, and a careful study of all factors which might
affect the performance of the individual device and
the reproducibility of batches of devices was neces-
sary. This investigation was undertaken by Divi-
sion 19 and two contracts were primarily concerned
with many minor points for manufacturing, develop-
ing a number of alternative parts, and large-scale
testing of the final products unuer carefully con-
trolled conditions. The division cooperated for nearly
two years with the interested Services(the OSS, their
British liaison officers, and the Cerps of Engineers)
and with the manufacturers, so that the quality of
SRA-3 steadily improved and the device, as finally
produced, was nearly perfect for the given system.
As will be clear below this system was inherently
weak in that it depended upon complicated electro-
chemical and chemical reactions and by nature was
greatly affected by temperature change and subject

to the most unpredictable variations due to appar-
ently minor changes in manufacturing procedure.

Sections 9.3 through 9.10 of this chapter analyze
the different parts of the Pencil and the discoveries
made with reference to them, while Section 9.11 in-
dicates the test procedures developed for accurately
determining the quality of production. The ultimate
performance to be expected of the device is given in
Section 9.12.

As a time delay, the SRA-3 covered the period be-
tween approximately 10 min and 11.5 hours at an
ambient temperature of 70 F. This range of timing
was achieved through the use of six models having
nominal values, judged convenient for field usage.
The limitations of reproducibility and temperature
coefficient, however, tended to vitiate this system, so
that 2 man in the field was required to use very good
judgment in selecting a particular model for a given
operation under given ambient conditions.

This stimulaied, on the part of Division 19, a
search for an improved system on which to base a
Pencil time delay, and resulted in the so-called
Mark II Pencil which is the subject of Chapter 10.
It is believed that this development, while successful
in producing a Peneil superior to the Mark I (SRA-3)
in reproducibility and temperature coefficient, would,
in practice, not supplant the Mark 1 for ordinary
field use hecause of expense and positional require-
ments. Henee, the importance of this chapter in re-
cording the numerous points discovered by the divi-
sion’s research into the Mark I Pencil. It is not be-
lieved that, should the Services require a time delay
having simplicity, cheapness, and reliability, any
great improvement could be made over the SRA-3 as
finally produced.

9.2 DESCRIPTION AND OPERATION 13

Two models of the Pencil were manufactured dur-
ing World War II by the OSS and the Corps of En-
gineers. First production by the latter group was
essentially complete prior to the work of the division
and was comparable with the SRA-1, produced by
0SS and =oon supplanted by SRA-2 and SRA-3. The
final production by the Corps of Engineers was com-
parable with the SRA-3. The basic difference be-
tween the SRA-3, which was the product of the OSS,
and the firing device, delay type, M-1 of the Corps
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of Engineers was in the ending, which consisted of a
primer cap with spring snout, in the first case, and a
standard waterproof primer and detonator assembly,
in the second. These two devices will be treated as
one and the deseription which follows is of the final
SRA-3 production.

" The Pencil was of the simplest construction. It con-
sistéd of a striker held against a compressed spring by
a tinned iron music wire loaded under tension. This
wire passed through a chamber containing a glass
ampule filled with a copper chloride solution. Manual
crushing of this ampule was possible, since the cham-
ber was constructed of a thin copper tube. Upon be-
ing crushed, the ampule liberatéd its contents, which
were absorbed in cotton wads, or wicks, located at
either end of the chamber in elose contact with the
iron  wire. A reaction.was thereupon’initiated which
resulted in the erosion of the iron wire. In time, the
strained wire would reach the breaking point, where-
upon the striker would be foreed forward by the com-
pressed spring against the primer, initiating it and,
hence, an explosive charge through the conventional
detoaator system. Figure [ illustrates the SRA-3 in
cross-section. The various components and their in-
terrelation are made clear.

*Reference to this figure shows a number of parts
which received particular attention in the research
work of the division. These parts are the tension
wire, the ampule solutions, the wicks, the reaction
chamber, the spring, the primer, and the plunger.
Kach of these is discussed in a section below. The

. other parts not menticned appeared to have no un-
predictable effeets upon the performance ol the Pencil
and, hence, are not discussed here. Their specifica-
tions could apparently not be improved upon.

The timings provided by different models of the
SR.A-3 resulted when different solutions were placed

COTTON WADDING

in the glass ampule. These solutions, for convenience,

were given names based on primary colors, and the °

different models of the Pencil were distinguished
from one another by tie corresponding color of the
safety strip, thus the six models of the SRA-3 were
known as Black, Red, White, Green, Yellow, and
Blue, in order of increasing time from 10 min to
11.5 hours. Exact timings for various temperatures
will be found in Section 9.12.

In field use OSS specified that two Pencils should
be employed for any given operation, and this pro-
cedure was strongly urged for the Corps of Engi-

neers. From a statistical viewpoint, the use of two-

Pencils gave a reliable and predictable timing, and
the figures quoted in time-temperature charts pre-
pared by Division 19 were based on this usage. When
possible, therefore, an individual employing time
delay Pencils would conneet two of them to the de-
vice or charge to be initiated, and, with the safety
strips still in place, manually erush the reaction
chambers containing the ampules. The safety strips
then would be removed and a quick departure made.
In this way, the occasional premature, which might
be encountered on crushing the reaction chamber,
was rendered harmless.

9.3 TENSION WIRE

Substitutes for Music
Wire 277

When the specifications for the SR were received
from England and applied to American production,
every attempt was made to duplicate in this country
the exact details of the British device. One of the
most difficult parts of the SRA to copy was the ten-
sion wire, a hardened 14-mil iron music wire having a

9.3.1

/'\.ASTICINE

CLASS AMPULE

==

BATTERY CUP
014" DIA TINNED MUSIC WIRE
J—
— —
mu 2D &=
Dsad

FiGure 1.

Cut-nway view of SRA-3, nctual size exterior.
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56 PENCIL (SRA-3) FIRING DEVICE, DELAY TYPE, M-1

protecting tin coating. In the SRA-3, the diameter of  tinned musie wire was examined."* The results were

- the wire was changed to 20 mils, but otherwise it re-  entirely negative. No correlation appeared to exist
- mained unaltered throughout the war, although con-  between microstructure and performance, since the

siderable work was done by the division to find an  erystal grains were so seviously distorted.
improved steel wire and an improved procedure for
protecting it. Both nichrome and stainless sweel wire
. had very high mean deviations and therefore were
~ not considered further® More encouraging results As already stated, the original specifications called
were obtained with a softer and thicker (42 mil) wire,  for a tinned music wire but the use of tin for the pur-
and very encouraging results with standard 20-mil  pose of protecting iron wire was repeatedly ques-
wire when coated by hot dipped galvanizing (e tioned on sound scientific grounds by the division.
Scetion 9.3.4). No experiments were performed to It is well known that, in all common media, iron is
) show the exact relationship between operational time  anodie with respect to tin and hence the tin, unless it
y and chemical composition of various wires. Further  forms a perfect coating over the iron wire without
study along these lines might be profitable, since it pinholes, will actually facilitate its erosion by the
was found difficult in practice to obtain from wire atmospherie eonditions of storage. That this was a
manufacturers uniform coils having an elemental  very serious problem in the field hecame apparent
analysix which could be reproduced from one to an-  when it was learned that tremendous stores of the
other. The effeet of these minor elemental variations  original British production had shown over 50 per
cent failure after one vear's storage in the humid,
tropie conditions of India. The work of the division
: - elearly showed that much better proteetion for iron
9.3.2 Tensile Strength 7 wire was provided by a thinner coat of clectrogalva-
nized zine, and the recommendation for a change from
tinned wire to zine-coated wire was eventnally ac-
cepted and written into the specifications. However,
prior to the use of this improved wire, production
ceased beeause of the ending of the war.

Application of zine by hot dipping, the procedure
used for tinning, was definitely inferic-, The maxi-
i thickeess of zine that could be used with the
specified solutions of all eclors without causing
seconslary difficultios was 1.6 X 10 in., & figure
which was easily obtained by a simpie laboratory
procedure. Coils of wire thus protected were made
for experimental purposes and were used in the sub-
sequent development of the Mark I1 Pencil (see
Chapter 10). It was also shown that, for uniform per-
formance in the Pencil, the teasion wire should be
cither completely free of grease or covered with a
continuous oil film.?*

A number of other treatments, including beeswax
coating, Parkerizing, and proteetive oxidation, were
all inferior to electrogalvaniging, It is interesting that
in a Russian time Pencil, which was provided for
analysis, a 16-mil bare spring wiring had no coating
whatsoever. It was the opinion of the research work-
9.3.3 Internal Structure ers in the division that this was preferable to the tin

In the hope that variations within and between wire specified by the American Services but inferior
coils of production wire might be deteeted by simple  to the electrogalvanized wire cventually recom-
analytical procedures, the microstructure of the mended.

9.3.1 Surface Treatmeuts 2. % %. 2

was never explored.

A study of the variation in tensile strength of the
wire used in production, both between coils and
within coils, yielded no significant result in the case
of the clectrogalvanized wire, ultimately recom-
mended, but did indicate a significant difference in
the case of the tinned musie wire used in production.
) For example, the variation in average breaking
- ‘ strength along a coil of 14-mil'production wire might
K be: 62.1 b at one end, 61.3 b in the middle, und
59.8 Ib at the other end. Further data would have to
be obtained before it could be said that this variation
was significant, but it appeared to investigators that
it might be. Thus, further work would be indicated,
if the tinned musie wire originally specified were to
be used in future production.

The ultimate tensile strength of such wire was
391,000 1b per xq in., in contrast to the value of
102,000 Ih per s in. obtained with 30-mil clectro-
galvanized low-carbon steel wire recommended by
the division. Whether a high or low tensile strength
wire wax preferable is still a moot question.
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“from American manufaeturers,
“and the British themselves were urable to reproduce
“the wire previously used.

9. L1

each coil in the completely assembled Pencil before
that coil could be used for production. Apparently,
this could be corrected by electrogalvanizing treat-

ment, and, should production of such a deviee be

undertaken in the future in more than one country

~or locality, all manufacturers should be provided

with wire from a single commereial source. Every at-
tempt to secure a wire identieal with British wire,
resulted in failare,

9.4 ‘ © SOLUTIONS

-Solution Analysis

ABSOLUTE CHEMICAL ANALYSIs® ¥
As part of the original British specifications, a

chemiceal method was provided for the manufacturer

to prepare the ampule solutions to the tolerances
specified 2nd determined essential for reproducibie

- Penell funeticning at given times. For the Black and

Red Pencils having normal timings of 10 and 20 min
at 70 ¥, no difficulty was encountered because the
ampule solutions contained only water and hydrated
cuprice chloride of analytical quality. The other four
colors, however, contained a third component,
namely, glycerol. This was added to increase the vis-
cosity and to reduce the rate of chemical reaction,
and thus to provide longer timings. Table 1 2 gives
the exact compositions specified for the different
colors,

"The absolute chemical determination of the per-
centage of glycerin and of copper in a solution pre-
pared for these colors was extremely difficult. Fol-
lowing the original British directions, variable re-
sults were obtained in different laboratories in this
country. This necessitated a study of the method, for
the performance of the Pencils was based entirely on
an accurate knowledge of the composition of the

SOLUTIONS 57
9.3.5 Wire Variations 3 2 Tasre 1. Composition of various eolors of Mark I
Pencils.
It was clearly demonstrated that commercially =
. . . . . Y b «
obtainable tinned music wire, as delivered to the Color ¢ CuCly-2H,0 ¢ Glyeerol “c Water
Pencil manufacturers in 4-1b coils, showed consider- Black 13.86 86.14
able variation both within and between coils. &‘,;!m ‘:(7)12 #®a ;’534
Whether this was caused by the inevitable variation Green 35.05 489 2.7
in tinning or was inherent in the wire was difficult to l\'fllm\' 33.15 16.1 20.7
‘sav o i YOS a ~erious a 3lue 10.13 72.2 17.7
say. At any rate, it represented a ~et fous haz‘nd‘ to Revised Groen® 2405 3 o7 5
reproducibility and eventually necessitated testing Revised Yellow® 92270 55.7 216

* These eonpositions were dedueed as a re xult of the study mentioned
in Section 9.4.6 and would be expeeted to give improved performance
rega trdmv reproducibility and temperature. covtlicient.

ampule solution. Eventually, a satisfactory pro-
cedure was devised depending upon the determina-
tion of the cupric ion by titration with sodium thio-
sulfate, followed by long digestion of the solution
with an excess of potassium dichromate, and by
titration of the remaining oxidants (unused dichro-
mate and cuprie ion). A simple caleulation there-
upon provided the original composition of the solu-
-tion in terms of glycerol and copper chloride. These
manipulations required so much analytical skill and
expenditure of time as to be of little value to the
ordinary manufacturer, and a more convenient- and
accurate analytical procedure was necessary. Two
such procedures were devised and are described in
the following two sections. Both oi them had ac-
curacy equal to or superior to the absolute chemical
determination and were preferable in all other re-
snects,

SerciFic GRaVITY aND GuyceroL CoNTENT!C 13.1.10.31

Both British investigators and the division’s re-
search laboratories did considerable work with a sys-
tem of analysis based upon determination of the per-
centage of copper chloride by the thiosulfate titration
already mentioned and by specific gravity. Determi-
nation of the specific gravity of a solution was a sim-
ple, accurate, and quick procedure. Two reports were
issuedd hy' the division’s ccntractor 1 13 which
showed clearly that the procedure was suitable for
the use by manufacturers, with the result that it be-
came part of the specifications as written by OSS and
the Corps of Engineers. .

The White and Blue solutions, which contained
neatly 10 per cent copper chloride hydrate, were
found to fit an empirical equation as follows: spe-
cific gravity (25 C/25 C) = 0.9747 + 0.0100 (% Cu
Cly'2H,0) + 0.0284 (% glycerol), Table 2 Y shows
the accuracy of the method.
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58 PENCIL (SRA-3) FIRING DEVICE, DELAY TYPE, M-1

. TasLe 2. Relationship between specific gravity and T T T T f T T i
: glycerol content. .28} ~ :
- Specific , Glycerol ¢ Glyeerol ‘
N gravity dichromate  empirical L2161 n .
25C/25C  ¢; CuCl;-2H.0  method equation r ;
A\ 1.2086 9.52 48.9 48.83 ZL214- . ‘
. 1.2807 9.52 74.0 74.23 o .
. 1.2278 9.74 547 54.82 2. 221 - )
- 1.2262 10.26 52.7 52.43 I
: 1.2664 10.23 66.7 66.69 : ‘
X 1.2343 10.77 53.5 53.49 L2rop- - i
\ s . . . b L . I A ’
1_\ lamily of curves was determine experimentally 129890 1000 1010 10,20 1030 1040 10.50 1060 10.70 ;
which fitted the above equation within the limits of PER CENT CuCLp2H0

Fioure 2. Acceptance chart for White solution.

: :. error of the experiment. The data was presented in
charts relating the specific gravity to the percentage . . .
of glycerol for varying concentrations of copper chlo- was su_fﬁ‘c iently precise and comp gred favoral.)ly w{th
ride, and the specific gravity to the percentage of the specific gravity r;nethod in ease of operation, sze
of sample, and speed. Charts were prepared showing

LB e

A ) .
Simiar curcn vere derermied for e Creen (e elatonsip between the efacive index and the
"N Yellow solutions in which the percentage of copper percentage of glyeerol for solu_txons containing k{lown \
-, chloride was between 32 and 37. Unfortunately, in percentages of eopper th loride. Acceptance charts
\ these higher concentrations no empirical relationship also were constructed. Lnf(')rtunately , the refracto- b
] expressable by an equation could be discovered. It m~etnc meth()fl was not putumto use, largely because 7
was clear that the curves were not parallel, as in the of the unavmlxhnhty of suilable r'efrac_t ometers. In o
4 earlier case, and that they were not linear. Neverthe- i‘l:s}; af‘ l:ltlupriog ;‘:‘uiz:l:’e f!::cdtisiri?(;;lcy n::t}?:g»\:illﬁs :'
; :fns:'}x:ah:;;}:‘?f‘:(t;t‘::;s sufficiently useful to be included probably be preferable to any of the other analytical ::
: So that this data might be more useful to manu- procedures. by
L facturers, solutions prepared by weight and carcfully TasLe 3%  Analysis of per cent glycerol by re- z
checked by absolute chemical analysis were then fractometry. . ] \
;.' compared with the specific gravity data already men- Color ¢, Glyceral ¢ Glycorol by  Refractive ;.@
E tioned, and acceptance area charts were drawn for range by svnthesis  refractive analysis indox :
:_"'. - each of the solutions relating specific gravity to per-  ~ Blae 51 751 14605 ’ .;‘
' centage of copper chloride. It was only necessary for . Blue 73.05 73.55 1.4582 '
the manufacturer to prepare a solution as accurately ::‘:::"“: Z’f-g's ;;}5 }‘:Zéi s
as possible by weight, then to determine its copper G(m(-:r 169 473 1.4746 ,:
' content and specific gravity, and by the use of ac- White 52.55 53.1 1.4263 NI
. ceptance chart to find whether the resulting point White 5.8 51.3 1.4235 :;
) lay within the area specified. Eventually producers 3
in both Britain and the United States used this pro-  (‘ONDUCTOMETRIC ANALYSIS b
! cedure. ¥ British work on a further analytical basis com- %
A sample chart for White solutions appears us pared the resistance of solutions at 1,000 cycles in a R
Figure 2. special cell with that of permanent standards. As in -
the three previous methods of analysis, the conduct- 2
REFRACTIVE INDEX AND GLYCEROL ('ONTENT 3 8 ance was used with an jodometric thiosulfate de- o
A physical measurement, rivaling the determina-  tormination of copper. Analysis for the percentage of o
' tion of specific gravity in case and cxceeding it in - glycerol was thereby possible. The specific conduc- L
N speed, was the determination of the refractive index  tivity was measured in a bath thermostatically con- -
. by the Abbé refractometer (see Table 3). trolled to a temperature of 25.0 + 0.2 C and it ap- o
N Application of this procedure to the four solutions  peared that the control of temperature of the solution f:.:
. containing glycerol showed clearly that the method was the limiting factor in the usefulness of the "
' 3
RESTRICTIED
r
. Al
; 2
| e od 2aiid I SORTRL JNRLENT RENRE v e . . v w - - v -

QOSSR AAOR

SRS RS S I ST WL A ) ~ b A WA E A S A S L AR A
B R A0 O R ._-:\.r:: N RS PS IR A .\v..f_\(\f.;f{

SRR A A A PO A AR AL RGP Y LA MO X ’
LIPR Ty & - - . L

AT A Rt LA T C S LA S N NS e b LR L LTS O CEAL fodhs X \.,-_.\\-.'._\$
et -...1'.‘-“":._:._-’\..* )\1. I’..ﬂ'..c-.‘-?..v...- ‘., d‘$~’\."n‘..n"~"\*"-'_‘ ."’\"ﬁ'..'(\':i:: I\’f.m ._\." \




i

SOLUTIONS 59

P4

[
« e

~
. method. The solutions containing glycerol, having a T T T J T T
-.. very high viscosity, did not reach a constant temper- T Leseno
“a ature in a reasonable length of time; and, because of 000}~ o= % DUDS -0
= the variation in conductance per degree C was ap- I-'
t proximately 5 per cent, the method was criticized on £ 4000~ RED SOLUTION <.
= the basis of practicability, especially in view of the 2 w"::; y o': Cests 3
7:{ “ease and simplicity of the specific gravity and re- :;ooo- g.:3cc+100 e
Y - fractive index procedures already mentioned. Asin e s S
K. the other cases, acceptance area charts and graphs £ 5000 0-830c =74 o8
w ‘relating conductance to percentage of glyeerol for a 3 SOLUTION VOLUME VS
- ‘constant percentage of copper chloride were pre- 3 MEAN Tt Z
1000 | 2
P - ’ SOLUTION VOLUME V35
<. _pared. Y. DUDS
:': 0 i J i & ey O
-, . 02 a3 o4 05 o085 Or 08 Q9
| XX 9.2 Optimum Volume **  VOLUME OF SOLUTION IN GG
' In the early days of SRA production, the impor- Fisere 3. Effect of su‘lminn volume on timings.
A ‘tance of the volume of solution contained in a Pencil
:\:.' ‘ampule was not appreciated. Moreover, manufactur-  9,4,3 Off-Color Solutions 6.

o ers sieclared that the n?anllfa.ct}lnnng (.lﬂ":(‘l.ltleh‘ of The assembly of the Pencil by hand gave an op-
N making ampules of the size required for the reaction . . " ‘
S - oy 4. bortunity for ohserving the real color of the ampule

- chamber of the Pencil was a sufficiently difficult task horpt . .
N ", . . : solutions as they were inserted. This should not be
; without the added imposition of a complete. or nearly confused with the color of the ampule s ccified for a
vomplete, filling. The SR production in Britain was . " . l ampule spe
3 based on an ampule containing somewhat lexs than given time. Since all the solutions contained copper
o ) . l_ : ) “ o . chloride in varying amounts, they were the char-
S 0.6 cc of solution; the volume of the early American . :
o . : . acteristic blue-green ,g*lor of that salt, except for the
o products (SRA-1 and SRA-2) in many cases did not Whi ) hich w Iv colorl
“ exceed 0.4 ce. It was not long before tests showed tte ampules, which were so nearly colorless as to
- SO . C R require the additi trace of ic i
h"," that this decrease in volume was having serious d?tec:?onead ition of u trace of organic dye for their
{ N ff:i(;:i.tupon the reproducibility of the American Operators on the assembly line frequently observed
b} yroduct. ) e .
o A siudy was thereupon undertaken in which the ;l::t‘utl:et‘:r‘i]l;(::g: -(,f ttthL?\-l:::\l::’ll?::c:a{}e(iliri(:lr:ltr(:;e-
o -voiume of the ampuie sclution was continuously var- do: the rﬁmo‘-ve“the;e (;ﬁ-é()lor ar;x. ulsq an d‘ these
- Jed between 9.3 and 0.8 cc. The data clearly: showed « n.;(,. ql-l;z&'uw-ntl l?s"br‘n'i tted to anulvii»- 'iPre( uentl
8 " that 0.7 cc should be the minimum volume of solution o e e duently s ¢ 10 anulysis. ¥requently
=) used i ase. With less than 0.7 cc. there were in ampules of this type whose shading was not constant
3 -used In any case. WL fess thah ©.0.¢¢, Lhere were, showed gross variations from the specifications for
‘o dications that two reactions occuarred: first, the action . . .
- .. . . . cither glycerin or copper chloride content. Therefore,
e of cuprie ion on iron wire, anu secondly, the action of the practice was established of discarding all such
N ‘eupric ion on copper forminy, cuprous ion, which in ! o C ™ X 8
- . L o ampules. The source of the difficulty appeared to be
‘turn either precipitated or reacted with iron. Because in the ampule lling machines which. when started
v . the latter reaction was much slower than the former, pule HTINE I " ! c
y . . . after a rest period, delivered variable concentrations
[ ] for Pencils having a low ampule volume, an extensive .
< tor. ; ; , for a short time.
L period of time would be required for complete re- In future production this point could be observed
-f’:g action, Morcover, the time required for the ampule casily b ) I ' T
'.: solution to be soaked up by the wicks appeared to be e
- . S .
“uo a function of the volume. A study of Figure 3 clearly .
. illustrates this point. 9.1.t Diluents Other Than Glycerol
L 2 The recommendation to increase the ampule vol- Beeause the determination of glycerol was so diffi-
-_."-: ume was aceepted by the Services and, ultimately, by eult (see Section 9.5*.[:‘), attempts were made to dis-
~::- the manufacturers, and resulted in greatly improved  cover other chemicals which might replace glycerol
o performance of the SRA-3. It was interesting to note  and which, in addition, might give lower temperature
~

that the Russian time Pencil had a volume of 0.71 c¢.  coefficients to the resulting solutions. Investigations
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60 PENCIL (SRA-3) FIRING DEVICE, DELAY TYPE, M-1

of a number of water soluble aleohols, polyhydroxy
alcohols, and sugars as substitutes for glyeerol was
undertaken but without sueeess. The only significant
discovery was that the replacement of glveerol by
n-propyl alcohol # gave improved performance with
Blue and Yellow timings,

Here a new difficulty arose in that the solution was
ton volatile for direet replacement. Methods of seal-
ing the solution within the reaction chatber were
devised but nothing beyond semi-production was
ever undertaken.® Acetie acid, ammonium hydroxide,

With the object of improving the temperature co-
efficient, experiments, designed to form copper com-
plex ions, were performed with solutions varied by
the addition of ferrie chloride, sodium chloride, and
magnesium chloride. The results did not warrant
further investigation,? nor was the presence of a com-
pound lowering the surface tension effective.

31

9.1.6 New Solutions ** 2

One entirely new solution providing a 314-day de-

lay has been mentioned. Other new solutions in which

- diethvleneglyeol, ethyl lactate, ethyl acetate, and . .
: Byeol, : YT glveerol was replaced Ly raffinose, and copper chlo-

o dioxane were tested without satisfactory results. . . . . .

" o Anattempt toinerease the maximum timing of the ride was rf‘pla('ed.by ferric chloride, .\'t:m.m(' chloride,
N SRA to 315 days resulted in the development of a or mereuric chloride were also unpm(luotl‘\'c, depend-
CL solution containing diethylenetriamine, but this solu- - "8 ap!)ar(‘nfl.\' f""’".“‘“ age of ttlf‘ solution and the

& v tion proved so eritical to the minutest change in con- 272 ”,’ th(‘, tonsmn'\\'lr(\ exposed. l\v(.)-!)husv svstems
e centration that it was discarded ax unsatisfactory, o likewise !msmtal)k-. “‘“‘“‘,“%h British \\:()x'k('n's ab
. Figure 4 clearly shows how minor variations in the Oxford were suceessful in devising one which hn(! o
AN . . . . o ~remarkably low temperature cocfficient.® More sig-

Py pereentage of copper chloride could cause tremendous ™, o ' N
'\"; arintions in timing. This effect was observed ocea- “,'[,h‘u“l, was ?h(‘ dey (‘I()pll](?l.lt. of tprov ed compo-
- . . . . ] sitions involving only the original materials: copper

. stonally in standard specified solutions also. . : L.

) chloride, water, and glycerol. Sufficient data were

XS ' ' ' ! obtained to establish tables relating time to pereent.
285, — age of glycerol, and time to specifie gravity for vari-
3 ous copper chloride concentrations. From  these,
-7 3 26 ° 030" GALVANIZED WIRE (% isochronic lines were drawn on charts relating copper
e £ . ) chloride to percentage of glycerol, and copper chlo-
. y 24 0 — — ride to specific gravity. From these plots, it was pos-
o ‘E:. 22b ‘Ql"uzs'-st }(‘c%s';s 75 . sible to obtain the composition and specific gravity of
» 1 1 ) 17 solutions having the least g ly('m‘ol or copper chloride

. ' . 20 40 €0 8o 100 voeflicient for any mean time in the range of a given
g TIME - HOURS ) eolor. A selection of the best composition of the three

B LMt e ot B componints v el pisibic i an arspole s

J trinmine. ‘ lution, showing optimum independence of temper-
g ature, was provided.

s 9.1.5 Addition of Foreign Substances From these charts, it was deduced that the speci-

There was reason to think that the presence of ﬁ(\dvmnpnsitio'ns of Gr(‘(\'n.und Yeilow .*folutions wel:é

:.- hydrochlovie acid was beneficial to the performance n'ot at the optimum position, and revised CORpOsl-

“'_" of the SRA. Full study, however, showed that this tions (sce Table 1), having lower gl_\'('(:r‘()l coefficients,

’" was not the case.? It was found thet generally acid-  Were r(‘('()mlm-'ml(’(l.'-"' The compositions for White

::.‘_ ity had little effect on the varianee, but did tend to and Blue solutious appeared to be, at l.o,ast, satisface-

"_: il'u-r('us(-, thv‘ mean time, ‘\"f a result, recommenda- tm‘t_\'.‘ Ltr"f"r_m.':fl_t?li‘ ',‘thc mﬂ;".l tm(;'."tl?“‘o'lT \:;H n;:;m

N tions were given to the Services on the pIT allowable "‘_‘ nto: practice "“““"‘(‘) of 1ts fateness, 5 ould a

.. for each color solution, These were incorpornted in production of the _M‘“']f [ Peneil be undertaken in the

0 the manufacturing specifications as follows: Black, f“t."“" othey "")‘“"ﬁ"“t"m’* for Yellow and Green so-

[ 2.0 to 2.5; Red, 1.0 to 2.0; White, 1.0 to 2.0; Green,  1utions appear desirable.

o 0.5 to 1.0; Yellow, 0.5 to 1.0; Blue, 0.7 to 1.7,
‘ ~':: As already mentioned, White solutions, heeanse of — 9+3 WICKS

e their colorless character, required staining by the The action of the wick in the sampule chamber was

::-: addition of a trace of an organic dye, Searlet Moo?  to insure a constant supply of fresh corroding solu-

-
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SPRINGS 61

tion to the iron wire. Obviously, bad wicking would
result in high deviation in time. The manufacturer’s
practiee of using hand-formed pellets of cotton was
demonstrated to be responsible for a certain amoun
of variation.® A study was undertaken of several
fibers possible for the purpose, including surgical
cotton, Kotex, fiberite. INo great improvement over
the wse of chemivally neutral cotton could be shown.
However, it was found that preformed dental pellets
of fairly, uniform weight (11 milligrams) gave uni-
form performance and were considerably easier to
use’in the assembly line % Incorporation of this
minor change in the specifieations would seem desir-
able. ~ '

9.6 REACTION CHAMBER

9.6.1 Sealing

“The SRA-3 reaction chamber consisted of a thin
crushable copper evlinder, a center plug of copper-
plated brass, and a similar end plug. While not water-
proof, the chamber was necessarily constructed to
prevent leakage of the ampule solution after erush-
ing. Scaling of the chamber was provided at the ¢en-
ter plug by the use of Plasticine or molding clay,
which was injected aronnd the tension wire at the
point where it passed through the center plug. Sealing

- at the end plug was obtained by passage of the ten-
“sion wire thiough a very smail hole, and firin pressure

under a lead washer surrounding the anchoring screw
on -which the tension wire was wound. While the
suitability of Plasticine and similar materials was
demonstrated ™ there was mere question about the
lead washer, which on occasion lubricated the tension
wire allowing it to slip on long standing.? A recom-
mendation that soldering be substituted for the serew

procedure of anchoring was not acceptable to the

manufacturers.

In the case of the volatile solutions containing
n-propyl alcohol (see Section 9.4.4), complete clo-
sure was obtained by dipping the Peneil end in col-
lodion solution. This was in line with the practice fol-
lowed by the Russians, who dipped their Peneils in a
high melting wax such as beeswax.® It would appear
that the present method of sealing the reaction cham-
her was sufficiently good for the use of the Pencil
above water, and, since the device was not suitable
for use below water for other reasons, it would appear
to have been adequately handled.

9.6.2 Materials

The erushable copper tube was annealed soft and
provided with a slight flave at either end where it
fitted over the end or center plugs. It was found that
the manufucturers were brightening this tube by a
series of acid and alkaline washes with the result that
the tube as assembled in the Pencil had a distinet
alkaline coating which interfered notably with the
performance of the ampule solution.’ Tests showed
also that the end and center plugs, which were
brazed, required a complete and smooth coating of
copper plate in order to give resistance to the cor-
rosive action of the ampule solutions. It scemed that
the zine contained in the brass plugs, if exposed to
the solutions, would enter preferentially into reaction
with them, thus altering the effective concentration
of copper chloride and unpredictably affecting the
timings, %

9.7 SPRINGS

The quality of springs gave trouble throughout the
production of the SRA. Wire of 2 suitable resiliency
was hard to obtain, and the specification of flat-
ground ends was never met, This tended to throw the
striker off center and oceasionally resulted in misfires
(see Seetion 9.9), but was, on the whole, not as seri-
ous as the variation in length among springs and the
tendeney of all springs to take permanent s* on
standing. It was interesting to note that the Russian
time Peneil spring had precision-ground ends 3

Manufacturing procedure at the start of American
production called for the loading of the spring to po-
sition, and, since it was elearly shown that springs

-aried in length by a considerable factor, it was ap-
parent that a variation in load was being obtained,

“which was found by actual tests to lie between 14 and
20 1b. This meant that the tension wire was under a
variable tension, and henee wires in different Peneils
would part at different times. A tightening up of the
acceptance of this part served to correct this diffi-
culty ?

Ultimately, a change-over from position loading to
dead-weight loading in manufacture was achieved
and the specification wis rewritten so that the
springs were loaded to 15 + 1 b, giving greatly im-
proved performance. No solution was ever obtained
to the problem of permanent set, which by experi-
mentation was found to result in a variation of timing
of about 3.4 per cent per 1b of load change.? 1 2 a9
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> PENCIL (SRA-3) FIRING DEVICE, DELAY TYPE, M-1

9.8 PRIMERS FOR SRA-3’S

The OSS model of the Pencil utilized special prim-
ers, which upon request the division undertook to
test to determine their behavior on prolonged im-
mersion, accelerated aging, and exposure to condi-
tions of high humidity and temperature. An unpre-
dictable failure of approximately 0 to 2 per cent of
the primers was obtained, and higher percentages on
prolonged immersion. Very good stability to acceler-
ated aging was noted.?® In the SRA-3 the primer was
crimped in tothe end of the Pencil flush with a steel
spring snout which was of a size to receive Primacord
or Bickford safety fuze. This feature was lacking in
the Corps of Engineers firing device delay tvpe M1,
and no tests were performed by the division on the
initiating system of that fuze.

9.9 PLUNGER

As already mentioned, the use of unground springs
gave an eccentricity to the travel of the plunger
which at first was not felt to be serious. The point
was, however, investigated, and it was found # %

pinholes in the tin surface provided excellent oppor-

tunity for corrosion and weakening of 'the tension
wire with the result that after two vears of exposure
fully 50 per cent of the stored Pencils would be found
to have fired. Those which had not fired were obvi-
ously in a weakened condition and, hence, a danger.
The problem of protecting the Pencil from this cor-
rosion effect was a serious one which would have been
met by the adoption of clectrogalvanizing. Unfortu-
nately, failure to accomplish this meant that another
solution had to be forthcoming. This was obtained in
the use of a packaging envelope for each individual
Pencil.

The Iast considerable fraction of the OSS produc-
tion was packaged in transparent tubes of polyvinyl
chloride [PV C]. The very remaikable improvement
in funetional efficiency thereby obtained was clearly
demonstrated in elaborate tropical weathering eyeles.
Strangely enough, unpacked Pencils behaved with
equal efficiency. It was only when Pencils were pack-
aged in tins that the severe loss of storage resulted.
The explanation of this lay in the retention within
the tin of ambient humidity and favoring of corre-

sion. In future production the packaging of Pencils
individually in PVC or similar impervious containers
would seem warranted.+*

~t

that the primer caps in the SRA-3 had varying sensi-
tivity, depending upon the location of the blow.
with eccentric initiation, increasing failure could be
expected as the primer struck further off center.
Correction of this difficulty was casily achieved by a
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redesign of the plunger, which in the SRA had been 2.1
made from brass rod by screw machine processes but . ;
" which in the SR was made from square bar brass at ¢ 3, | For Research

slightly increased cost. The latter design allowed the
plunger to rest on the walls of the brass striker tube
which guided it to the primer insuring a central
strike. A change in the SRA specifications completely
corrected the difficulty.

The energy with which the primer was struck by
the plunger was the function of the spring, as well as
the friction encountered by the plunger in traveling
through the brass tube. The energy imparted (67 oz-
in.) to the striker by a spring at 15 £ 11b load wax

9.10 PACKAGING

Mention has already been made of the suscepti-
bility of Pencils made with tinned wire to storage
under conditions of high humidity. The numerous

For several years the Division, through two major
contracts, did a large amount of work on testing and
improving the time Pencil. This work was correlated
to some degree with similar activities in Britain and -
with test procedures in force at the Engineer Board

“at Fort Belvoir, Virginia. At the start, there was no

agreement among these various groups, which were
widely seattered geographically, as to the manner of
condueting time tests or the manner of analyzing the

3 . : o alts obtai "his . stuati .
N more than sufficient to give 100 per cent functioning r““"::;;’";tm"fd' ']lh"" .lamu;tal)lc hltfuatm('il' was "?"
l_‘.': with central or intermediate eceentric strike on the ¢t y the & “pt“’;‘ of u set Ol h(‘m:il'ltlon? ;])r
) primer but to fail on extremely cccentrie strike (re- tests ”“d agreement on the statistical handling of the
"~ - . data. For the former, several temperatures were se-
quiring 111 oz-in.). " :

. licted and thermestatic chambers provided so that

the temperature variable could be controlled. In ad-
dition, agreement was achieved on the position which
the Pencil should occupy while under test. This was
accepted as horizontal, beeause it appeared to be the
most legical position for field use. It was agreed that
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in the horizontal position the Pencil should be
mounted so that the tension wire which is unsym-
metrically placed in the reaction chamber should be
down. C'rushing was accomplished in the horizontal
plare by the use of especially designed pliers having
jaws of a given area and stroke to provide entirely
uniform crushing. No figures obtained from less than
50 test results were considered as entirely suitable for
proof of any recommendation.

Figure 5 ! is a sample of the presentation of such
data in graphieal form for a batch of 26 Yellow Pen-
cils at 25 C. The number firing in any given time in-
terval of 20 min is recorded. By the n:ode is meant
that point in time at which the greatest number of
Pencils fired; by the median is meant that point in
time midway between the two extremes of the whole
group; and by the mean is meant the arithmetic
mean of all the timings.

" Presentation of the data obtained was done both in
tabular and graphical form, according to conventions
adopted by the research groups.®

In Figure 6 is shown a rack with 10 Pencils of .
which half have been crushed and are ready for in-

sertion into the thermostatically controlled chamber.
The importance of this procedure for handling re-
search on time delays cannot be over-estimated. 1t
was not until this procedure had been adopted that
the maze of complexity of the Mark I Pencil could be
_penetrated. Should any further research be done, it is

:

" recommended that it be undertaken with the same or

- similar definitions and preseribed procedures.

- Having set down the rules by which research wouid
be conducted, it was interesting and profitable to
learn how changes in these rules would affeet opera-
tion of the Pencil. A study was therefore undertaken
of the effect of orientation and method of erushing on
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timings obtained. This had, in addition, important
field use, since, if some simple relationship could be
found, the field could be instructed in the optimum
-usage of the Pencil. Considerable variations were
found depending on whether the wire was up or down
during the operation of the delay, on the direction in
which the erushing took place, and on the extent of
crusning, as well as on the plane in which the Pencil
rested while operating ¥ 80
It appeared as a generalization that Peneils com-
monly used in pairs and activated in the field led to
timings of about 25 per cent shorter than those ob-
tained under aceepted testing conditions, with the
shortest mean timings being obtained when the Pen-
cil made an angle of 45 degrees with the horizontal. .

TIME IN MINUTES

Figurg 5. Sample timing chart of Yellow Mark [
Pencil.

The extreme mean and maximum timings were ob-
tained when the Pencil was tested vertically with the
snout down. This most unfavorable of all positions
was also the one least likely to be used in the field
and, hence, was not considered serious. In fact, in
any given operation, the variable method of erushing
and placing of the time delay made exact predietion
of the time at which the Pencil would operate a
highly problematical matter. Nevertheless, the gen-
eral value of tables, such as that given in Section 9.12,
is not discredited.
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64 PENCIL (SRA-3) FIRING DEVICE, DELAY TYPE, M-1

FiGure 6. Timing rack for Mark I Pencil.

9.11.2 For Quality Control in
Production 3. #. %

Althaugh production and quality control of it were

~not the function of Division 19, advice was given
. which ultimately assisted in a satisfactory method of

batch analysis and which was capable of detecting
trends in quality of the assembly lines prior to the
point at which production would have been rejected.
This necessitated a rigorous inspection procedure of
production as it emerged from the factory, and it is
to the eredit of OSS that they and their British ligison
officers insisted upon and obtained adequate testing

facilities and personnel by which all production under
their auspices met a very high standard of perform-

ance. The references noted contain the details of this
system, which worked so well.

A complete analysis of American Pencil nroduction
for nearly oae year ¥ is interesting in this regard.
From it, data may be quoted which indicate the
parts of the Pencil against which the percentage of
variance may he assigned. It appeared that the ulti-
mate, which could be expected by the Mark 1 by
careful quality control, was about 12 to 16 per cent
for any individual sample, and the percentage of vari-
ance caused by wire variations averaged around 15.4,

Tasre 4. Chart of operational timings of SRA-3's %

Bluck Red White Green Yellow Blue

® ¥ OM ST oM ST OM ST OM ST OM ST oM ST
-32 | -25 vee. [ 3day 13dav | ....
- 18 0 R e 45 min 20 min | 17.5 hr 8hr | 22day 1.0 day | 8.5day 3.8 duy | 23 day 10 day
— 4 |4+25 {36min 6min | 25min i min | 55hr  25hr | 19hr 85 hr | 20 day 20 hr | 5.0 day 2.2 dav
+ 10 50 | 15min 7 min | 17 min 8 min | 2 hr 55 min { 6.5hr  3.0hr | 14 hr 6.0 hr [ 1.3day 14br

24 75 Omin 4min | 15min 7 min | 1 hr 27 min | 27 hr 70 min | 5.5 hr 25hr [ 115 0r 5 hr

38 100 S5min 20 min | 8 min 3.5 min | 32 min 14 min { 7Z2min 30 min | 25hr  65min | 52hr 2.3 hr

52 125 4 min 1.5 min Smin - 2min | 20min 9 min | 4 min 18 min | 80 min 36 min | 2.5 hr L1 hr

656 150 3 min 1 min 4min Lomin | 15min 6 min | 25 min 10 min | 46 min 21 min | 80 min 36 min

oM th'n two Peneils are um o in the same charge, the OM is the most likely timing.

increased by about 15¢
8T The ST is a rl.ns(mnbly wale time,

When only o single Peneil is used, the value should he

Timings shorter than the ST should not occur more often than onee in a thousand trials,
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and for ampule variations averaged 16.2. By per-
. . ,100
centage of variance was meant the quantity ¢ >y

where

(n—-1) n(n — 1)

and where X is the observed timing, r is the deviation
from the mean, and »n is the number of Peneils firing,

, [ EX)? SX)?
g

9.12 PERFORMANCE * # 51

“The data given in Table 4 were obtained from
many hundred tests according to the rigorous pro-
cedures indicated in Section 9.11; since all operations
were conducted using two Peneils, the columns
headed OM are most significant. In all cases it should
be remembered that the personal idiosyneracy of the
user in placing and operating the Pencil in the field
may be expected to alter the timings by a factor of as
much as 25 per cent. Whether this is serious or not
will depend upon an individual operation. In general
the condition would be serious only in the short tim-
ings, where because of some freak of accumulated
effects a functioning in considerably less than the
specified period might endanger the user. The figures
given in columns headed ST are not of great value,
except as indicating the extent of risk which an oper-
ator would encounter in using Peneils. This risk is
probably not significant under wartime conditions.

40,000
40,000 e TIME~- TEMPERATURE
CHART

20,000 MEANS
OPERATIONAL
MEDIANS — — - =
BLACK O  GREEN &
RED -o- YELLOWR
WHITE &  BLUE x

TIME IN MINUTES

-2% [+] s0 100 150
TEMPERATURE -F

Ficure 7. Time temperature chart of SRA-3.

The same data, presented in a more forceful form,
is found in Figure 7 which shows the wlatlonshlp be-
tween time and temperature for all (‘olm‘b.
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Chapter 10
MARK I PENCIL

10.1 INTRODUCTION *® 1

The performance of the Mark I Pencil (see Table 4
in Chapter 9) made it abundantly clear that the
greatest refinements in production technique would
never provide a delay, which in the field would give
essentially constant timing for expected temperature
changes. Progress could be made in producing delays
having less variability and greater reproducibility,
but, because the Mark I was based chiefly on a chem-
ical reaction, it would always be subject to wide vari-
ations in timings caused by moderate variations in
temperature. This is well illustrated by the figures
for White delays, which at 0 F required 1734 hr for
operation and at 125 F took only 20 min. There was
therefore an operational requirement for a time delay
having the dimensions and essential operation of the
Mark I Pencil but being independent of temperature.
This was a realistic approach, for the man in the field
could hardly be expected to tell within 5 or 10 de-
grees what thfambient temperature was and to ap-
ply the table of temperatuie corrections listed for the
Mark L

It appeared that the problem might be readily
solved by substituting, for the chemical action of the
Mark I, an electrochemical reaction in which the
iron tension wire of the Pencil would be one of elec-
trodes of a galvanic cell. The other electrode in this
design would consist of a silver wire coated with fused
silver chloride. The following reaction would there-
upon be set up when electrolyte was added to the
system: YFe 4+ Ag(l = LBFeCl; + Ag. This spon-
taneous reaction would take place with resulting dis-
appearance of the iron wire at a rate which would de-
pend upon the value of a resistor connecting the iron
and silver poles of the cell. The maximum time would
be obtained on an open circuit with no connecting
resistor and the least time when a short was provided
between the two clectrodes. Experience soon indi-
cated that a maximum timing range varying between
17 hr and 10 min could thereby be obtained. Since
this range was also the range of the Mark I Peneil,
the system appeared suitable for use in the develop-
ment of an improved device.

Being electrochemical in nature rather than chem-
ical, such a device would be independent of temper-
ature, and variation in timing would be obtained, not
by changes in clectrolyte or electrodes, but solely by

variation of the external resistance. The simplicity
with which this design lent itself to the basic Mark 1
features is apparent in Figure 1.

102 DESCRIPTION AND OPERATION ! ¥

Reference to Figure 1 will show that many parts of
the Mark I design were retained and that others were
only slightly altered to accomplish the change of the
Mark I from a chemical to an electrochemical device.
The overall dimensions remained constant, with the
exception of the end cap, which in the Mark II was
slightly larger in diameter than the rest of the-Pencil.
Its operation was identical with that of the Mark I,
in that the user crushed a soft copper tube within
which was contained a glass ampule filled with' the
electrolytic solution. Unlike the Mark I, erushing
was preferably performed with the snout end of the
Pencil upward so that the released electrolyte might
flow to the cell end of the device and there be soaked
up by the cotton wick. This will be further discussed
in Section 10.4.4. Following crushing, the safety strip
would be removed and the Pencil placed in any de-
sired position. Its operation from there on was en-
tirely mechanical and analagous to the Mark 1.

The steel tension wire was subjected to galvanic
action over that portion covered by the cotton pack-
ing in the bakelite end ccll. Upon the release of the
electrolytie solution, which was either a solution of
ammonium chloride or ealcium chloride, the above-
mentioned chemical reaction began, with the result
that the iron wire was eroded and the silver chloride
electrode reduced, This electrode and the iron wire
both passed through the base of the bakelite cell
head, were firmly crimped to prevent slippage, and
were connected by scldering through a length of
standard nichrome, or similar resistance wire, which
for convenience was wound on a bobbin cut into the
side of the bakelite cell. '

10.3 CHANGES FROM THE MARK I
DESIGN
10.3.1 Wire 2

Taking advantage of the discoveries in Mark I re-
search, electrogalvanized stcel wire was employed
in preference to tinned music wire and a change was
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Fiure 1. Cut-away model, assembled model, exploded model — Mark II Pencil.

I

L I ]

made from 20-mil to 10-mil wire to meet the normal
timing range of the Mark I colors. Protection of this
wire, which was low (0.60 per cent) in carbon, was
accomplished by electrogalvanizing to a coating
thickness of 1 X 104 in. + 25 per cent. The wire was
anchored, both at the cell end and at the striker end,
by a new method of attachment. This was necessi-
tated beeause the set serew used in the SRA-3 couid
not be employed in the Mark Il on account of the

limited space at the end plug. Anchoring was ob-
tained when a small strip of fine, hard-temper copper
tube was slipped over the galvanized wire and
crimped in a double V by a special tool. Numerous
tests showed that this method of attachment was
firm and that the wire would invariably break before
the V-crimp would loosen, It was, of course, essential
that, on crushing the copper tube, the iron wire
should not make contact with the copper to provide
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MARK II PENCIL

a short. This could be corrected cither by lining the

copper tube of the reaction chamber with an insulat-
ing material or by covering the iron tension wire with
a sheath of similar material. The former procedure
was found definitely preferable.

10.3.2 Solution 2. 3.1

It wax shown that, as the volume of the solution
was inereased beyvond a certain value, the mean time
tended to inerease and the preeision of timing to de-
erease. As the volume was deereased, the reverse took
place and duds appeared. Fortunately between the
range 0.20 and 0.25 ¢e the curve of the mean time
versus the volume of solution beeame almost Aat and
the precision of time attained a maximum. Henee the
volume of the solution was fixed at 0.23 + 0.01 ce.

It was originally intended to use ammonium chlo-
ride as the electrolyvte for all the Peneil colors. How-
ever, it was soon found that in the lenger delays

(White through Blue), the time of operation of the
delay was sufficient for a slow, secondary reaction to
take place involving iron and ammonium chloride.
Caleium chloride solution did not give this slow
spontancous corrosion of the steel wire, and bouce

was desirable for the longer timings. In the lower

timing ranges, however, caleium chloride solutions
were appreeiably inferior to ammoenium chlorvide with
respect to temperatnre cocfficient. Henee two solu-
tions were eventually used for the whole range of the
Mark H Pencil: a solution containing 17 per cent
ammoniam chloride for Black and Red Peneils, and
a solution containing 20 per cent caleium chloride for
the other colors. To these solutions was added 5 per
cent by volume of n-propanol, which funetioned as a
wetting agent and increased the speed with which the
wick could soak up the released electrolyte.

The use of the same solution for all Pencils would
have simplified manufacturing and would have elim-
inated any possibility of incorrect ampule assembly.
If this were sufficiently important, calcium chloride
would be preferred, but in that case the Black Peneil
would have a mean time of 12 min instead of the
specified 10. It should be evident that the change
from copper chloride glycerin solutions to those con-
sisting only of ammonium or calcium chloride and
propyl aleohol simplified production. Morcover, the
concentration of the solutions was easy to control and
the functioning of the Mark II Pencil was not sensi-
tive to even gross variations,

10.3.3 Ampules ®

Since the Mark I Pencil in its final form required
an ampule eontaining 0.7 ce of solution, the change in
the Mark IT necessitated the production in quantity
of a very much smaller ampule. This caused some
difficulty, especially in the sealing operation where
the presence of the propyl alechol was objectionable
and where ealeium chloride tended to wet the glass
and to spoil the seal. However, with the assistance of
several manufacturers, the problems connected with
the new ampule were overcome and test procedures
were set up which eliminated weak ampules. An en-
tirely satisfactory ampule production was achieved,
and propedy made ampules were found to withstand
heating to 180 F and to be resistent to moderately
rough handling,

End Plug

The brass end plug of the Mark I design was re-
placed by a bakelite eéll unit bearing, as already men-
tioned, the silver-silver chloride electrode and pro-
vided with a small hole through which passed the
iron tensioa wire to be erimped and soldered at the
back of the plug. Manufacture of the bakelite cell was
not a difficult serew machine problem. The chief
difficulty with the part occurred in producing the
silver-silver chloride electrode and in inserting the
cotton wick A spoon-shaped electrode, formed from
wire and caated with molten silver chlovide by ma-
chine dipping, gave good performance. The theoresi-
cal amount of silver chloride needed was about 20 mg
and the produetion electrodes were provided on the
average with twice that quantity.

10.3.1

10.3.5 Wicks 3. ¢

Absorbest cotton pellets were used to stuff the
bakelite cell and to bring the clectrolyte into intimate
contact with the electrodes. It was found that the
weight of these pellets influenced the mean time and
the precision of timing with the optimum weight ly-
ing between 35 and 40 mg. Preformed dental rolls of
the right weight and dimensions were obtained for
the semi-preduction and would presumably represent
no problem to a future producer of the device. They
would be esential, since only by their use could as-
surance he given that cach Pencil had received ex-
actly the correct weight of wicking.
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10.3.8 Spring ®

With a change in the diameter of the tension wire
and a drop in it= breaking load from the Mark I value
of 35 Ib to the Mark II value of 29 b, a correspond-

ing reduction was required in the weight loading of

the spring. It was impossible to use the same spring

“employed in the SRA-3, since full loading to 15 1b
was required to reduce the length sufficiently so that
the striker would elear the inspection port. A new
spring was therefore specified for the Mark 11, and it
was determined that it could be safely loaded to
1034 1h without [atigue and still deliver a foree suf-
ficient to fire the primer caps of the standard SRA-3
reliably.

Ry 10.3.6 Copper Tube 2346 sessed. The same figure bears the corresponding
. " . .
o Because the length of the SRA-3 was maintained “"“}"‘ f(fll‘hth? SRA-3 ;mdt th(;l 'mpl"“ ement is note-
-t . . . g r Yy R . o)
N while the end plug length had been considerably in-  Worthy. The letters refer to the colors.
creased, the crushable copper tube comprising the Y < <
. \ \
etion chamber had suffered in overall length. The N N
effoct of this was to make it stiffer to crushing when M \\ NN
located in an assembled Peneil. To mateh the easy 1000 \\A-i_\.:\ ‘\".\\‘:hs\‘n :
crushing properties of the SRA-3, another tube had (N NN NTTR—
~d N N N
to be employed. Fully annealed tubing was used, and \‘ "“\\a\ NN C
the wall thickness (0.11 in.) was adjusted to give this N e N SO ————
appropriate stiffness. It was coated to provide insula- 8 v ) . Nal N S .
N . . « . . ~ L4 0 gr— N
tion of the reaction cell, by dipping in Rouxalin Flex- 2 \ o Ny °‘ﬁ
ible Lacquer No. 3181, % 00 °\¢L . LN SO N
PR — e e I
= ~. A\ : . TS —
10.3.7 Center Plug® : :\\\\ NG SO0
oo TN : : N N
In the semi-production of the Mark II which was ‘\-\\‘\\;\. i S ~
. . A e — ~ ta
undertaken by the division, the center plug of the °\8-—‘9§~0 S~
Peneil was identical with that used in the Mark I, o N
.. . ' N ~ .
except that the Plasticine sealing compound was 10 . i\\6\% S~ |
omitted. Subsequent tests indicated that this was a LBLUE O WHITE I N —~———
. . . . T YELLOW ORED - v - ~.
mistake, and in any future production sealing of the O GREEN O BLACK =
. . . ~—
reaction chamber from atmospherie corrosion by the . o x Eiﬂ',‘_ﬁ'})"f}k’fﬁés, o _ -{
use of Plasticine should be retained. o L == -MKT (MAL VALUES) { ‘
0 50 100 150

TEMPERATURE - F
Ficere 20 Time-temperature ehart—Mark T and
Mark 11 Peneils,

10.1.2 Per Cent Deviation

It was interesting to learn that, although not an-

ticipated, the percentage deviation of the Marck II

Peneil was in general equal to orlower than that ob-
tained with the Mark I (see Section 9.11.2). In Fig-

. ure 3 are plotted the values of this function for the

different colors.

10, 1.3 Tropical Weathering ®

. The resistanee of the Mark II Pencil to prolonged
storage was determined and compared with the per-
formance already obtained with the Mark I, which,

CRF ! ETS .. . o a . L.
o, 10.4 PERFORMANCE it will be recalled, required individual packaging in
-'f . polyvinyl chloride tubes to insure arrival of the de-
" 1o.t.1 Temperature Coefficient vice in a usable condition in the field. After tests at

o LS

k)

the division’s central laboratory, it appeared that the
Mark II Peneil was somewhat more sensitive to pro-

The great virtue of the Mark IT Pencil was the in-
dependence of its timing to temperature change, as

[

shown by exhaustive tests conducted at the central
laboratory of the division and by the developing con-
tractor. Figure 2 gives the values obtained by these
extensive tests and shows, more clearly than words,

longed exposure to high humidity and high tempera-
ture than the Mark [. This feature was, however, not
of a different order of magnitude and presumably the
Mark II Pencil if properly protected in the recom-

the remarkable performance which the Mark I pox-  mended manner would give no difficulty in the field.
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70 MARK II PENCIL

YELLOW

100«

100 &

TEMPERATURE - F
OO0 MK T (MRL DATA)
A s MKI (LN DATA)
=3 MK (MRL DATA)
922 AS A FUNCTION OF TEMPERATURE

Ficure 3. Reprodueibility of Mark I and Mark 11

Peneils,
...+ Positional Operation * *

Throughout the development of the Mark IT Pen-
¢il, the interested liaison officers in(OSS and the Corps

ducted in almost any position except with the snout
end down and, if followed by a whipping or tapping
action, would give reliable performance. From a tech-
nical point of view it did not appear that this added
requirement in the use of the device would be a seri-
ous limitation.

Such turned out to be the case, however, when field
appraisal was obtained. using the NDRC semi-pro-
duction models.® It appeared that those in charge of
training users of such delays did not care to grapple
with the additional requireinent of positional activa-
tion, even though admitting that the Mark II Pencil,
by its superior temperature performance, had given
a delay of much greater value for special field use
than the original Mark I Pencil. Whether a redesign
of the Mark II Pencil could be undertaken which
would provide for this deficiency is a matter of ques-
tion. Unfortunately the development reached com-
pletion too late in the war for the division to have
undertaken the study.

It was believed, and is still the opinion of the
writer, that the advantages of the Mark II more than
outweighed this mild inconvenience in its use. [t is
believed that this can be shown in no more convine-
ing way than by Table 1 in which the temperature
coefficients of the SRA-3 and the Mark II Pencil are
compared.

TasrLe 1. Comparison of temperature coefficients of
SRA-3 and Mark II Peneil.

Ratio of mean timing at 10 F to 150 F

o . . : e SRA-$" Mark 1T Peneils’

of Engineers were acquainted with the fact that, for Color SRA-#'s Mark IT Peneils®
opthniim performance, the Mark II Pencil required {:'ﬂ;’k : “1“1‘ :;
initiation with the cell end down, so that the crushed “;;mc 47 L7

ampule could deliver its contents to the wick., By Green 104 1.7
numerous tests it was shown that even this require- I\;;‘""W é:-; :g

ment was not critical and that crushing could be con- . "¢ .
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Chapter 11

INCENDIARY

1.1 INTRODUCTION

Both the Mark I and the Mark II Pencils, dis-
cussed in Chapters 9 and 10, were designed for the
activation of explosive devices or charges. They could
equally weli serve the purpose of initiating incendiary
charges, and this chapter describes how that was
achieved.

Two methods were emploved, in both cases de-
pending upon the development of a Matchhead
which would be activated by the mechanical opera-
tion of the time Pencil. In the first case, the primer
and spring snout ending of the SRA-3 were replaced
by the Matehhead ending, which was erimped into
the brass striker tube of the Pencil. In the second
case, the SRA-3 was used as it stood and the Match-
head was simply inserted into the spring snout in
juxtaposition to the primer cap. The former type of
use was silent, but the latter made the usual noise of
the exploding primer. In certain operations this fea-
ture would not be serious, in others silence might be
a requirement; hence, the probable need for bhoth
types of usage of the Matchhead in field operations.
Needless to say, the second type recommended itself
particularly, in that no alteration in the standard
SR.1-3 was required for conversion to the Incendiary
Time Pencil,

DETAILS OF CONSTRUCTION

1.2.t  Magnesium Matchhead !

In its final form the most satisfactory Matchhead
developed consisted of a magnesium eell made by
reaming out a rod of magnesium. It had an overal
length of 136 in., an outside diameter of 0.278 in.,
and an inside diameter of 0.218 in. Nearly two-thirds
of this cavity was filled with a hot burning composi-
tion known as BA-29-A as follows: barium peroxide
anhydrous, 75 + 3 per cent; potassium perchlorate,
3 + 14 per cent; red iron oxide, 914 + 1 per cent;
magnesium powder Grade A coated with 3 per cent
linseed oil dried 24 hours, 1214 per cent; paraffin oil,
14 per cent. This material was pressed by hand into
the magnesium case and was followed by a small
volume of SM composition having the following spec-
ifications: potassium chlorate 47 + 2 per cent; mag-
nesium powder Grade B coated with 3 per cent linseed

PENCIL (SRI)

oil dried for 24 hours, 10 + 1 per cent; hard woud
flour, 6 + 1 per cent; infusorial earth, 5 + 1 per
cent; red iron oxide, 10 + 1 per cent; powdered glass,
1214 4 1 per cent; 14 second nitrocellulose in 60 per
cent ethyl acetate and 40 per cent butyl acetate,
914 + 1 per cent. The last ingredient of this compo-
sition made it sufficiently moist to be plastie, and,
while in this state, there was inserted into it the head
of a Strike-Anywhere match. This was squeezed
down to a distance of 0.020 + 0.0i0 in. from the end
of the magnesium body. The unit as assembled was
then dried at room temperature for 40 hr, inspected
for uniformity, and sesied against moisture by a drop
of molten Lukon wax compound heated to 300 F.
After inspection, the Magnesium Matchheads were

- pickled in a standard acid solution to give them re-

sistance to corrosion.

When assembled, by erimping into the standard
Pencil, a modified Pencil known as the signal relay
incendiary (SRI) resulted. This required a slight
modification in the striker of the Z"RA-3. In contrast
to the shape required for firing a | :mer cap, the In-
cendiary Matchhead required a sharp-pointed needle.
Figure 1 iilustrates this, as well as the assembled de-
vice. The point of this striker formed an-angle of

. 45 degrees and was roughened by a Paikerizing tech-

nique. The body of the striker, as seen in the illustra-
tion, wus provided with weveral vent holes t0 prevent
expiosions from the laige volume of gas liberated by
the quick-burning compositions. .

Operation of the Pencil in the usual manner gave
essentially silent initiation of the Matchhead when
the striker point penetrated the wax coating and
pierced the underlying safety Matchhead surrounded
by the quick-burning compositions These in turn
ignited the magnesium casing, which burst into
flame. If the Matchhead were to be used by the
second technique outlined in Section 11.1, the user
would first be required to remove the protecting wax
overcoat so that the flame fror the primer eap could
each the embedded safety Matchhead and initiater
it. This usage i illustrated in Figure 2.

Celluloid Matchhead - #

A preliminary design, differing from the one de-
scribed immediately above, chiefly in the fact that

11.2.2
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FiGure 1.

the ease was celluloid rather than magnesium, was
also develoved. However, considerable difficulty was
encountered in making the Celluloid Matehhead im-
pervious to water vapor because celluloid passes
maoisture. Attempts to give this Matchhead protee-
tion under adverse storage conditions occupied test-
ing laboratories for many months, and eventually
some suecess was attained by the use of o thin, trans-
parent celluloid window in place of the sealing wax
mentioned in the Magnesium Matehhead. Further
improvement resalted on dipping in thermoplastic
wax Dewey and Ahiny No. TP317. -

Crimping of this tyvpe of hewd into the SRA-3
sometimes eaused minute fisstires to appear in the
protecting surface and, under very prolonged storage
at high humidity and high temperature, failure of the
deviee Tfrequently occurred beeause of the penetra-
tion of water vapor to the water-sensitive filling.
This prompted the change to the magnesium case,
which was recommended by the division as the final
solution to the problem. Unfortunately, production
of the Celluloid Matchhead was many times larger
than the Magnesium  Matéhhead beeanse of its
earlier development.

1.3 PERFORMANCE’

1.3.1  Resistance to Weathering ®
Fxposure of SRI's to extremely severe eyeling con-

ditions indicated that in the case of the magnesium

SRI-Mg: assembled and explded views.

Frevue 2. The method of usipg a separate magnesium
igniter in a standard SR From left to right: The
SRI-Mg; SRA and magoesium igniter; SRA and mag-
nesium igniter with wax covering of Matchhead re-
tmoved; magnesium igniter inserted in spring snout of
SRA

head, reliable performance could be guaranteed for
several times any period obtainable with a standard
time delay Peneil. The Matehheads would not, how-
ever, withstand indefinite treatment of this severity
any more than would the unpackaged SRA-3’s. The
recommendation wis made thevefore that the SRI's
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PERFORMANCE 3

be packaged in watertight containers, similar to
those which had already been shown necessary for
the SRA’s (see Section 9.10). This guaranteed the
arrival of the SRI in the field in a perfect condition
and assured its satisfactory performance.

11.3.2 Use as an Incendiary *

The SRI in itself proved to be a simple, reliable,
and extremely small incendiary device for the igni-
tion of targets having a fair combustibility. Numer-
ous tests on a number of woodern struetures showed
that placement of an SRI between two vertical
wooden surfaces 1 in. apart would give reliable ig-
nition, provided the water content of the wood did

~not exceed 15 per cent, This figure was reasonable for

most wood stored indoors or in hot, dry countries,

“For ignition of more difficult targets an auxiliary in-

cendiary material would have to be provided,

It wax found also that the efficiency of an SRI
could be considerably increased by the use of it in
conjunction with several additional Magnesium
Matchheads; Figure 3 illustrates this application.

With multiple heads arranged in this manner,
there was a delay of 6 to 10 sec between the ignition
of the suceessive heads, which were arranged so that
the waxed end was flush with the solid magnesium
end of the next head, This arrangement was required,
for, if the igniter heads were joined so that the mag-

I1GuRe 3.

0’#
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nesium was heated before the Matchhead was lit,
there was a considerable probability of detonating
the igniter mix. By such a simple procedure as illus-
trated In Figure 3, the effectiveness of a single SRI
could be more than tripled.

11.3.3 Use as an Igniting Fuze * ¢

The first value of the SRI was in combination with
incendiary devices having a large charge of fuel, and
its use there was very general. It could be counted
upon to ignite thermite through the use cf a first fire
mixture, jellied petroleum munitions, and has al-
ready been specifically mentioned in Chapter 2,
where it was used with the. Paul Revere to ignite a
magnesium “goop.”’

Indeed, wherever a delaved action incendiary of
great potency was needed, the SRI could be recom-
mended. This could be done either directly by pick-
up of the fire from the burning Matchhead or indi-
rectly by the use of safety fuze, for it was found ¢
that the SRI was well adapted to silent, time delay
ignition of safety fuzes. If one end of the fuze were
split with a sharp knife for a distance of about 1 in.
and the cut faces taped onto the magnesium kead of
the SRI, the safety fuze was velinbly ignited. In this
way silent ignition with further delay could be used
in those eases where safety fuze was fequired for
operational reasons?

SRE-Mg with triple head: assembled dviee and separated parts,
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Chapter 12
CLOCKWORK TIME DELAY (DEMOLITION FIRING DEVICE MARK 3)

121 INTRODUCTION

There are occasions in demolition operations when
it is desirable to have a time delay fuze of greater ac-
euracy and of longer delay timing than can be pro-
vided by such chemical and electrochemical systems
as have been deseribed in Chapters 9 and 10. These
operations may be either under water or above. A
general requirement would therefore seem to exist for
a small waterproof, cheap, and accurate delay. Such
requirements can in practice be met most practicably
by a fuze based upon an inexpensive clockwork. No
originality is elaimed for this idea, however, it would
seem that the American Services lacked a device of
the general characteristics deseribed. This was in
spite of the fact that practically every other Army in
the world was well equipped along these lines. The
Germans in World War IT made frequent use of
elockwork delay fuzes, of which they had an abun-
dunce of types and models, for they were fortunate in
having at their disposal the skilled watch makers of
southern Bavaria and Switzerland. The result was &
large number of delays varving from a few minutes to
as many as 21 days in operation and from the crudest
to the finest workman-hip.

The British were keenly aware of the lack of such
delays for use by individuals and demolition squads
and had laid down a tentative specification for a suit-
able fuze? Their work proceeded simujtaneously in
Britain with development done by Division 19 and
resulted eventually in a model based upon the Eureka
clock, a mechanism used as standard equipment in
British planes.? Neither this nor any of the German
models which were made known to workers in Divi-
sion 19 appeared satisinctory in meeting the rigorous
requirements laid down by OSS and luter confirmed
by the Bureau of Ordnance of the Navy Department.
These specifications inciuded the following construc-
tional and operational features, all of which were
eventually met in the designs diseussed below.t

1. The timing clement, except in the multi-day
models, was inexpensive, robust, and readily avail-
ahle,

2. The aceuracy of operation was essentially that
of the wateh mechanism, and aceurate setting wis
poxsible by retaining the function of both the hour
and minute hands,

3. The device was as compact as possible, measur-
ing approximately 214 ir. square and 114 in. deep.

1. It was unaffected by temperature changes be-
tween —4 and 4113 F, by severe vibration, by im-
mersion in water to depths of as much as 70 {t, or by
magnetic fields.

5. The safety and starting means were so designed
that they might be operated under water without
danger of leakage.

6. The safety pin was designed so that it could not
be removed, if the device had firerl or was about to
fire. Its position was readily discernible at all times,
and misoperation was prevented by an interlocking
linkage. '

7. By means of a plastic window, the setting was
visible, and a user could select any time desired.
These times varied for the 12-hour delay between
15 min and 1134 hr, for the 24-hour delay between
30 min and 2314 hr, and for the multi-day delay be-
tween 15 min and 6 days.

8. The operation of an individual device could be
tested by the user prior to actual use and the device
reset without difficulty.

The device, meeting the above rigorous specifica-
tions and combining considerable robustness and re-
sistance to adverse conditions, was eventually pro-
dueed in tre 12-hour and 24-hour models in consider-
able nwmber by the Bureau of Ordnance and OSS.
These were of interest and use also to the Engineer
Board at Fort Belvoir, Virginia. Production was not
without the usual difficulties and Section 12.6 of this
report will indicate a few of the pitfalls which could
be avoided in a future procurement. Nevertheless,
the various models were corsidered as easily manu-
factural.ie under good quality control and extremely
reliable in overation. It wax not believed that any
foreign deviees known to the division could equal the
Mark 3 in its fulfillment of so many points,

12.2 12-HOUR MODEL'?

12.2.1 General Description

Figures i, 2, and 3 show the 12-hour firing device
Mark 3 in three different views. In Figure 1 a phan-
tom view is shown, from which it is clear how the
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TWELVE-HOUR MODEL It

mechanism funetions and how safety and starting
are provided. In Figure 2 and 3 are shown the front
and rear views of the production models.

Two knurled thumb serews projected from the
case. The one in the back operated the safety, while
the other located at one end started the device. The
two plugs in the back of the case provided aecvess for
winding the wateh movement and setting the delay.
The main body of the case was of cast aluminum,
while the back plate bearing the engraved instrue-
tions was of ivon, providing a certain amount of mag-
netie protection. The front was covered by a trans-
parent plastic window, held in place by a rubber
gasket. For shipping, the firing end was closed by a
plug, shown in the side of the case in Figures 2 and 3.
Firarre 1. Phantom view of parts of 12-hour model. For use this was removed and a suitable detonating

train inserted for operation by the action of the
spring-loaded striker. The ease was made watertight
by the use of gaskets, luting, and stuffing boxes.

A wateh movement of the eheap pocket wateh type
was selected becanse of its availability in quantity
and robustness, The particular movement used was a

. back-wound and back-set type made by the Now
Haven Clock Company. This was selected in prefer-
cnece to a stem-wound and stem-set type, because the
Intter might stop, if the user failed to return the stom
to the normal pesition after setting. The wateh move-
ment was shightiy modified. The wsual hour hand was:
replaced by & cupped disk haviog a narrow stot in iis
circumference (see Figurse 1), and internal frietion of
the deviee was modified to inerease reliability, while
minor changes were made in other elements. The
minute hand was retained to secure preeision of set-

Fravee 2. Assembled view of 12-hour model. T ting, thus correcting a major fault of the usual me-

chanical type delay mechanism.

A study of Figure 1 will show details of the me-
chanical operation. A sear held the striker with com-
. . ( pression of the striker spring. One end of this sear was
FIRING OEVICE MARK, ) " held by a fixed pivot, while to the other end was
' SAFETY PIN-" ' pivoted a lateh. When the mechanism was cocked,

.

i the free end of this lateh abutted against a roller car-
HINISH /; SET

vied by a fixed pivot and a tripping lever, The lateh

was tripped to release the firing deviee when the pro-
SETTING 1w Th: - jeetion on the lever end fell toward the center of the
BIRECTION . . . .

TR IN -/ WIND mechanism through the slot in the hour disk. The
winp 188 TiEHILY LA movement, under the action of a coil spring, released
miouaT "'f'""'::::“": e the lateh and sear, and the deviee fired. It will be scen

’ from Figure 1 that premature firing would be impos-
sibte beeause of the position of the safety direetly in
front of the firing pin. Prematnre operation would

Fierue 3 Baek view of all nudels, securely loek the safety and prevent its withdrawal.
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76 CLOCKWORK TIME DELAY

Figure 1 also shows the starting knob. When this
was turned in a clockwise direetion, it allowed a
slight movement of the tripping lever, so that the
projection on its end rested upon the smooth outer
wall of the hour disk. In the same operation, a slight
movement was imparted to the balance wheel of the
clock, thus insuring the starting of the mechanism.
Prior to operation, the inserted starting knob held
the tripping lever free from the hour disk, allowing
ready setting of it and preventing o misfire during
that operation.

Method of Use

An operator would first assure himself that the
watch was wound, the mechanisin eocked, and the
safety in the safe position. He would then remove the
back plug and set the time delay by means of a small
key provided with cach deviee, while noting that the
disk wax the heur hand and the pointer the minute
hand and that the figures on the dial progressed in
the opposite diveciton from those of a standard
wateh. After replacing the plug securely against the
waterproofing gasket and attaching a suitable firing
end, he would turn the starting knob clockwise and
then pull the safety out, locking it in the non-oper-
ative position by a twist counterclockwise, Should it
be dedired to prevent stopping of the movement or
replacement of the safety, both knobs were provided
with soft alloge stems and could be broken off after an
original plucément. On the other hand, if the user
wished to assure himsell that the deviee was in satis-
factory condition he could fire it prior to use and re-
set it by inserting a suitable rod into the barrel and
compressing the striker spring until the sear fell
downward into position again. While maintaining
this pressure and position, a turn of the starting
knob counterclockwise would pick up and move the
tripping lever through the slot in the hour disk back
to its original position, where it would be retained by
the starting knoby while the hour disk was reset. The
salety could then be re-inserted and the deviee would
be in the same condition as originally delivered.

The special features of this design which are be-
licved to be noteworthy are: the funetioning of the
starting knob to provide protection against prema-
ture firing during setting, to allow resetting, and to
insure operation of the clock movement; the funetion
of the safety which aliowed underwater setting of the
deviee with complete protection to the user; and the
setting acceuraey which was provided hy the retention
of the minute hamd.

9 9 9

-t

12.3 24-HOUR MODEL'!

This differed from the [2-hour model only in that
the clockwork mechanism was so moditied that the
hour disk made a revolution in 24 hours instead of in
12 hours. The only other change required was the
partition of the seale into 24 major devisions instead
ot 12, The minute hand was retained as before, and
the dial wasprovided with the usual minute divisions.

The simplicity with which this could be made sug-
gested that other time periods would be possible us-
ing the same inexpensive New Haven movements.
Models were construeted of a ene-hour delay and of
even shorter delays but were never produced. The
one-hour delay was made by modifying the watch so
that the hour disk made one complete revolution in
oune hour. The maximum delay period was 59 min,
and the minimum setting was about 114 min. Other-
wise, except for a difference in the scale, all parts
were identieal with those used in the 12-hour delay.
For delays of less than one hour, the rate of move-
ment of the hour disk was altered by removal of the
teeth from the escape wheel. Sinee the movement
had a 17-tooth escape wheel, removal of 16 of these
teeth inereased the rate of the wateh movement ap-
proximately 15 times. The effective rate of such a
modifiecd wateh was the average of two different
rtes: the wsual one when the teeth were driving the
halance wheel, -which acted as a regulator, and a
miteh higher rate when ‘the eseape wheel slipped
where the teeth were missing. However, the fre-
queney of alteration between these two rates was
sufficiently high, so that the average rate of the
wateh was fairly constant, The maximum delay
period obtained with this delay was 334 min, the
minimum setting ahout 0.1 min, Models of this tvpe
would prolably have only limited usefulness in very
speciad cases, mostly in the very short delays which
are now so adequately met by the use of standard
safety fuzes having remarkable reproducibility of
burning per unit length. The increased preecision
gained by having a clockwork mechanism capable of
functioning enly over & span of one hour would prob-
ably not be sufficient to recommend its preference
over the standard 12-hour delay, whose aceuracy
wis gokl.

MULTE DAY MODEL!

It was hedieved desirable to reach the upper limit in
practicable timing, using the Mark 3 design. In going
bevond a totad delay period of 24 hours, a change in

12.1
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PERFORMANCE 7

In operation the tripping lever was held by the
outer disk during a period of days, until the slot in
that disk permitted the lever to fall through, where-
upon its projection rested upon the hour disk until
the proper hour and minute arrived when the slot in
that inner disk allowed the lever to continue its
travel, releasing the sear and the striker. This model
required in addition a slight reworking of the alumi-
num casting standard with the 12-hour delay.

If production were to be undertaken, a more robust
movement would have to be provided. This could be
done by reducing the weight of the plates in the
movement and increasing the diameter of the shafts.
The deviee would then withstand much rougher
handling with no increase in weight or bulk. If an
8-day delay were desired, a stronger main spring
would have to be provided. Only experimental mod-

Frovue 4. Multi-day model. els of thix type were constructed in view of its late
P development in the war.
clockwork movement was required, for the inexpen- :
sive pocket wateh type used in Sections 12.2 and
123 did not have a spring suidcient to provide as- a3 ] PERFORMANCE

-d

sured operation for a period bevond 24 hours. v
AN Oun the other hand, it was desired that the standard o, . }
:'_; ast aluminum ease of the Mark 3 model be retained,  12-5-1 Agalqst Vibration and
:'_-: together with identical triggering and firing system. ‘ Magnetism !
s This meant the location of a robust and very com- Table Uillustrates the independence which the var-

y
o
B, "

pact Bday clockwork. Two makes of watches were  jous models showed to vibration vira test board run
available for the purpose, both of them standard 3¢ 1900 eyeles per min and an amplitude of 0.020 in.
“with-the Kavy for aireraft elocks: Elgin Model 5620 . ‘ '
and a Longine-Wittnauer. The furm(\l; was definitely I‘ll:” L. Results of vibration test o eclockwark
pr(‘ful':ihlo beeause of its less fragile construction. ===
- Muodifications required of this movement for the in-

Delay  Actual t,imv‘ Differenee B

. . Maodel settin clapsed  in minutes
tended purpose were slight. The winding and setting  — - . & - tped "‘ ut
shalts were altered to bring them out the back, thus _l,"’"" production unit 60 min . - 59.7 min - 03
: - .- . ) 24-hr, No. 2 2he  1'hr 56.5 min —~ 3.5
" providing the back winding and back setting feature o N 5 2hr  1hr3975 min  — 0.25
> already mentioned in Seetion 12.2. The hour hand 1-hr 59 min  58.84 min - 0.1
& Multi-day 3hr  2hr588min -~ 1.2

wis replaced by two disks coneentrically mounted.
The outer disk rotated onee in the maximum delay v
period, which in practice was found to be not over Table 2 shows the inconsequential effect of a mag-
6 days, The inner disk rotated onee in 12 hours. The netie field provided by six 14-1b Aleecmax magnots,
minute hand was retained and referenced with the  each requiring a pull foree of about 50 b for removal.
usual hour and minute dial, so that setting was as - . )

. ’ - . " . Fanue 2. Results of test for magnetie field proteetion.,
aceurate ax with the 12-hour delay. The dial provided  _ y T :
to reference with the day disk was subdivided into Delay

Py . t..-‘

A

&J

C) v {,
AN
PRI

Actual time Difference

half-day divisions and was separate from the usual _j\f‘_f‘}“l _setting elupsed in minutes
dial and placed above it It was provided with a eir- 12-br model
. : C— . otandard r he 45 min 11 hr 49 min + 4.0

arlar opening through which the tripping lever and — ptandaedrun 11 he 45 mi % min :
cular opening “”. ugh v l." Pl .L . Fext run Hohr 453 min 11 he 48.75 min - + 3.75
the hour and minute dial could be viewed. Tt 5 ypupiaday model o

. bolieved  that Figure t shows  this  arrangement Standard run 24 hr 23 he 59.0 min = 1.0

. elearly Test run 24 hr 23 hr 59.25 min — 0.75
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78 CLOCKWORK TIME DELAY

1252 Against Weathering and
Humidity ' **

Tests included simulated tropical conditions in-
volving exposure to an average temperature of 145 F
and 95 per cent relative humidity for 28-hour periods
and an intervening rest period of 16 hours, The usual
change in timing which resulted thereby was well
within the errors observed in Tables 1 and 2. Tests
at high temperature with ordinary humidity (113 I)
likewise produced no serious variation in performance
(see Table 3).

Tanee 3. Results of high  temperasture  test  with
ordinary humidity.

ml)(-lur_\' ‘ va;\-('t-lml time 7 l)Aiﬁ'vn'n:"("‘

Model setting elapsed i minutes

12-he The30min 7he3ldmin 14
I-hr A min 58.96 min — .04

Multi-duy 7 days 7 davs 0 hr + 7.75

7.75 wiin

More serious than either of these conditions was
the low temperatare test. Here it was expeeted that
trouble would appear beeause of freezing of the lubri-
cant. Fortunately, this difficulty was entirely elim-
inated by the use of a speeial svathetie lubricant
manufactured by the Elgin Wateh Company and
known as No. 56.\.% Before starting the waich, the
unit was exposed to a temperature of =20 F for ap-
proximately 12 hours, given a 2-hour recovery at
=3 I, and then started and allowed to run at shat
temperature. Table 4 gives typieal resalts,

Thagie 4. Results of low temperature test,

Delay Actual time  Difference
Munlet setting elapmed in minutes
1°-hr 11 hr 20 min 11 hr 22,5 min + 2.5
24l I hr 0 hr 59.0 min - L0
1-hr A min H8.497 min - 0.03
Multi«lay 6 davs 5 davs 23 he — 5.0

a5 min

12.5.3 Against Rough Usage

In these tests a unit was set for a delay of 30 min,
hut wax not started and was then dropped three
times from a height of 5 ft onto conerete. Some me-
chanieal damage to externad features resulted, but
no apparent damage to the mechanism itself, The
watch was then started and run normally for 10 min,
when the second half of the test was performed. The
delay was set for one hour and started; it was then

dropped three times from a height of 5 ft onto con-
crete as hefore. Good performance following this
drastic treatment was not always obtained, although
there was very satisfactory behaviour of the vast
majority of the units.

12.6 MANUFACTURE . ¢

The specifications ¢ laid down for the original man-
ufacturer of the 12-hour model were arrived at
jointly by the division’s contractor and the Bureau of
Ordnance. They appeared satisfactory, provided
they were adhered to by rigid quality control. One
of the services given by the division was eritical ad-
vice to the manufacturer by the original developer of
the Mark 3 design. As a result of this advice and
Navy concern with reported failures # in the field, the
carly production was inspected and, in part, re-
worked. This served to eliminate o number of points
which had needlessly been allowed to erop up be-
ause of inadequate inspection at the start of pro-
duction. These points included such defects as leak-
age under water pressures of less than 20 ft, sticking
trip levers, serious misassembly of the movement in
the case, slipping main springs, and so forth. It ap-
peared that none of these defeets were caused by the
design but mther to the lack of appreciation at the
start by the manafacturer of the importance of ¢lose
adherenee to the specifications. $ven so, the admit-
tedly impreved production would be estimated to
give 85 per cent performanee as it stood. Any future
production would presumably be based upon the
amended specifications, and with this word of cau-
tion should encounter no difficulty. The testing of a
number of production mechanisms by the central
laboratory of the division entirely confirmed this
judgment 8- ?

Both 0SS and the Navy Department insured the
delivery of the Delay Firing deviee to the field in

perfeet eondition by packaging them in hermetically

sealed tin containers. Whether or not this require-
ment wax essential, it did provide additional pro-
teetion.

12.7 CONCLUSION

It was demonstrated that clock-operated delays
based upon cheap, readily available movements
could be produced in numbers to cover a wide range
of timings. Madels tested covered the range from
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CONCLUSION 79

0.1 min to 2314 hr, using a cheap movement and a  accurate and insensitive to temperature changes,
range of 15 min to 6 days using a more expensive rough handling, and extremely unfavorable weather
movement. conditions. It is believed that a useful fuze was de-

Delays having nominal timings of 12 and 24 hours  livered and that a need of both the Army and the
were manufactured in quantity, They proved highly  Navy was thereby fulfilled.
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Chapter 13
BASES FOR TIME DELAY FUZES

13.1 INTRODUCTION

In preceding chapters in thix volume a number of
time delay fuzes have been deseribed: the clockwork
type, which was both accurate and inexpensive and
suited for use cither below or above water (Chap-
ter 12), and the SRA, the SRI, and the Mark 11
Pencil, which were relatively inaccurate but casy to
produce in quantity and very cheap (Chapters 9, 10,
and 11).

The latter type of fuze was entirely unsuited for
use below water, and the need therefore existed for a
counterpart to the Peneil which could be used for
marine demolitions. Such a fuze already existed in
the so-called AC delay (Acetone Celluloid), a British
development. This fuze was produced in the United
States by 0SS, following exactly the British specifi-
ations. It is deseribed in Seetion 13.2 only because
the division's eentral laboratory modified the fuze to
provide both shorter and longer timings than the
original spectfications gave. The remainder of the
chapter summarizes the negative experience of the
division’s contraetors in a search for a system which
could supplant either the Pencil time delay or the
AC delay in seope, cheapness, and uscfuiness and
which would have the additional features of better
reprodueibiiity and greater independence to temper-
ature change,

Seetion 13.3 dealing with m-g:u;i(-vﬁl)vr delays is of

interest primarily because the svstems investigated
had a zero temperature cocflicient. Seetion 134 de-
seribing magnesitm alloy delays is interesting he-
cause of the compactness and simplicity of design,
The other seetions deal with physical and chemicul
systems which did not nrove profitable or were un-
explored. :

13.2 MARK 1 AC DELAY
13.2.1 The Standard Delay

This deviee consisted of a heavy beass tubular
hody threaded at both ends to receive at the bottom
a primer and detonator svstem and at the top a hrass
serew eap. Close to the bhottom was located an auxil-
iy part consisting of a firing pin held wnder spring
tension by a eelluloid washer and poised divectly
above the primer eap. In the chamber above the

washer was located a glass ampule containing an or-
ganic solvent mixture. The cap at the top of the fuze
was provided with a screw knob which on being
turned moved a piston protected by a rubber sheath
down. against the glass ampule. This eventually re-
sulted in evushing of the ampule and releasing of the
organie solvent for action on the celluioid washer.
This attack consisted entirely of physical softening
and solution and proceeded to a point where the
washer was so weakened that it could no longer sup-
port the firing pin under the spring tension; there-
upon the device fired. Its soiid hrass construetion in-
sured waterproofness, even to depths as great as
70 ft.© .

There was some effect due to position ® but it was
found that even if the fuze were mounted with the
ampule down when erushed so that the liberated or-
ganic solution never actually wetted the celluloid
disk, firing nevertheless took place, although after a
much prolonged interval due to the atta('iﬁ)f the or-
ganic vapors on the washer. The temperature effect
was considerably smaller than that encountered in
the Mark I Pencil (SRA-3) and in any case could not
he expected to be as serious, inasmuch as the AC
Delay was intended primarily for marine use where
the temperature range would be limited presumably
to between about 30 and 80 F. ,

Asin the case of the Mark T Peneil, different tim-
ings were provided by variations in ampule contents.
The British and American practice was to give the
user with each delay a kit of several ampules contain-
ing differently colored solutions. The user could
thereupon seleet the ampule for his purpose and
assemile it in the delay. Table 1 is a time-temper-
ature chart of recommended operational timings.

Tanee L.
AC Defays,

Reecommended  operational  timings  for

Temp | Bed Orange|Yellow!Green| Blue (Violet] Temp
hr he hr hr hr | days

HF |6y |12y 28 | 31 | w0 f}; 5(
I

SF 15 13 19 20 61 10 C
5K 3 93 L6 24 18 b 15 C
68 | 4} 8 i4 20 39 4 20 ¢
T7E ] 4 7 12 16 32 : 25 C

Rl | 33 o 10 14 26 2 30 ¢

The effect of position on the above timings was de-
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ORGANIC FIBER DELAYS 81

termined using green ampules. On horizontal activa-
tion, a mean value of 18.0 hr + 6 per cent was ob-
tained; on vertical activation a mean of 36.2 hr; and
on activation at an angle of 15 degrees a mean of
18.4 hir.® It would seem desirable in field use that the
AC delay should be activated in a horizontal or
downward position, following which its position
could not be expeeted to have mueh influence on the
timing. The reproducibility of these delays under
such conditions of activation and use was remark-
ably good with the varianee (see Section 9.11.2) being
about 8 per cent,

In the interest of uniform performanee between
British and American production of the Mark T AC
delay, produeers in Britain and the United States
both used the same source of celluloid disks, Some
research was done in the division’s central luboratory
to discover a substitute for celluloid having improved
quadities and being capable of better reproducibility
in different batehes. This work * was not partieularly
sueeessful. American celluloid behaved very badly
and was unreliable from bateh to buteh, Most plas-
ties tried also had unfortunate characteristies sueh as
sensitivity to humidity, brittleness, and so forth,

~which gave an exeessive per cent variance, Of alf the

materials tried only butacite (polvvinyl butyesly ap-
peared to be a possible competitor to well-cured ecllu-
loid. Should production of the AC delay be under-
tuken again i this country, it wenld be advisable to
lorate a =uituble source of thiz material and give
Amerivan prodhuction  indenendence - from British
stpplv.

13.2.2 Short Time Mark 1 AC Delay *

From Table 1, it i< apparent that the shortest tim-
ing for which the Murk 1 delay is suited is not ex-
pected to be less than 3 14 hr even at a temperature
of 86 1°. For training purposes this was not satisfac-
tory. It was desired that a shorter timing be provided
s0 that men might familiarize themselves with the
operition of the delay and still have the opportunity
of seeing it function.

The division’s central laboratory suceessfully met
the problem by devising a new ampule solution and
designing a new plastie disk to replace the cellidoid.?
A study of a variety of organie solvents diselosed that
only methyl formate gave timings shorter than the
Red timing gquoted above in which acetone was the
solvent, This timing was obtained most advanta-
geously when the celluloid disk was meplaced with

cellulose acetate disks molded in an injection molding
machine, through the courtesy of the Naval Ord-
nance laboratory at Silver Springs, Maryland. The
resulting performance expected of the short time de-
lay was ax follows: at 32 F, 75 min; at 77 F, 35 min;
at 112 F, 13 min. Variations of about 25 per cent
could be expected. In spite of this rather high vari-
ance, the devices were useful for the intended train-
ing purposes but were never issued to the field.

13.2.3 Long Time Mark 1 AC Delay *

The need was expressed for a speetal operation re-
quiring a delay period of several weeks. As will be
scen from Table 1, the standard production of the
Mark I delay could be expeeted to give a maximum
timing of 9 days at 41 . The central laboratory of
the division therefore developed a new ampule solu-
tion for providing longer times. Table 2 gives the re-
sults of this work.

Tapre 2. Summary of timing data — long time AC
Delay ampules.

Composition in weight per cent

; : i Mean

Ampule | Dimethyl : n-hutyl | alue  Per cent
:I(-siknatiun% phthalate | hctate | Temp | in weeks E spread

7 1 622 o378 [0 | 07 | 18

% | 25 (' 1.8 24

8 c 834 P 166 40 ¢ 1.5 20)

; I 25 C C 87 8

9 1825 75 400 20 110

« ; 250 56 | 11

o oo o1 e | o2e |7

I ; 25 (' N B T

The above compositions were seleeted after a study
of a variety of esters and mixtures of them. Since the
aperational requirement for the devices did not spec-.
ifv a very high degree of precision and performance
timing, the considerable percentage variation was
not felt to be a severe deficieney. The timings were
obtained using the standard celluloid disk of the
Mark I AC delay.

13.3 ORGANIC FIBER DELAYS

The search for a system independent of temper-
ature and having good reproducibility ineluded work
on organie fibers, It scemed that nvlon might be a
likely choice sinee it could be made reprodueibly in
fibers of known diameter and was a pure chemical
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82 BASES FOR TIME DELAY FUZES

substance. Also it was resistant to cold flow over
periods of years while under a strain representing a
large fraction of its breaking load. Tests with nylon,
however, did not produce the hoped for results.
Work on other synthetic fibers of the regenerated
cellulose type appeared more promising and is de-
seribed in two parts of this section. While it was pos-
sible to construct a laboratory model of a delay based
on these reproducible organic fibers, it was found
that the timings provided by them were very greatly
affected by a number of factors including the chem-
ieal composition of the solvent, the diameter of the
fiber, the twist of the fiber, the per cent loading, and
the area of the fiber under attack. In view of these
tremendous complexities and. the suecess which at-
tended the Mark II development deseribed in Chap-

ter 10, the work was abandoned. It is felt that there

is no promise in delays based on these systemas, and
they are recorded here to prevent wasteful repetition.

13,31 Nylon 7. »

The solvent found most effective for nvlon was un-
fortunately a 7 per cent nitrie acid solution saturated
with potassium nitrate, which attacked the nyvlon by
its hydrolytic action on the amide linkages. The
presence of the potassinm nitrate gave a system
which had essentially a zero temperature cocfficient
due to the high positive coeficient of solubility of the
salt. Unfortunately, at low temperatures a slush of
ervstads formed by the depesition of nitrate tended
to prevent contoet with the nyion cord and gave ex-
tremely variable results. It was found also that vari-
ations in timings were very large for small variations
in filament diameter, so that a 20-mil nylon wire
wis many times more resistant than a strong nylon
cord of the sume diameter composed of 306 individual
filaments,

The only other solvent for nylon appeared to he a
methyl aleohol solution containing 20 pec cent of
ealeium chloride, This system did not have the very
low temperature coefficient of the nitrie acid svstem,
although it did provide longer timings.

Another drawback to the nitrie acid svstem, aside.

from the difficulty of handling such a strong chemical
in the field, was its inability to provide a maximum
timing of longer than about 20 min. This did not he-
gin to cover the range of the Mark T Peneil. Tt was
one additional reason for the decision to abandon
nylon. Table 3 illustrates the performance which
was obtained,

TasLe 3. Performance of nylon cord 8% 7.18.

Breaking time in minutes
Nvylon
cord Solvent 2C 20 | 60C
8Z7.18¢ 25 HNO, 11 5.3 0.2
“ 25'¢ HNO, 34 8.2 1.3
Saturated with KNO,
“ 109 HNO;, 9 10 5
Saturated with KNO,
“ 7' HNO; 12 11.6 7
Saturated with KNO, :

The remarkable effectiveness of the added potas-
sium nitrate is clearly seen from Table 3. With it a
temperature coefficient approaching zero would be
unobtainable.

13.3.2 Cordura - *

It was found that a high tenacity regenerated cellu-
lose fiber woven in cords and known as Cordura was
suseeptible to attack by sodium hydroxide solutions
with essentially zero temperature cocfficient, This
remarkable happening appeared to be the resalt of at
least two eowmpeting chemieal reactions which were
not explored.

The fiber was a standard production item and as
used was two-ply, had a twist and ply of 10.5%; 7.58,
a tenaeity of 3614 Ih, and a 10 per cent elongation.
When such a fiber was loaded to 30 per cent of its
breaking load and immersed in a solution of sodium
hydroxide varying between 4.2 and 5.2 per ecent, a
near zero coefficient resalted at 10 and 20 min break-

‘ing times. This ideal state was apparently reliable

only with the conditions given, for a variation in one
per cent of sodium hydroxide gave serious variations
in timings and a complete loss of the zero temper-
ature cocfiicient. Morveover, . performance was very
sensitive to the per cent loading, and since Cordura
showed a tendeney to elongation on standing under
stress, a variable per cent loading was inevitable.
Finally, it was not possible to alter the timing by
dilution of the sodium hydroxide solutions. Added
sodium chloride and glyeerol or similar diluents,
while somewhat effecetive in this way gave variable
results, and it appeared that no timing of more than
40 min could be expected from the system. Also, the
effeet of twist was found to be considerable, but not
of a nature to correet any of the deficiencies noted
above, The substitution for sodium hydroxide by
other chemiceals such as potassium hydroxide, lith-
ium hydroxide, and tetramethyl ammonium hy-
droxide was also ineffeetive.
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MAGNESIUM ALLOY DELAYS 83

For the many reasons given, the system was aban-
doned. Typical of the data obtained is Figure 1. Even
had the system been usable, the problem would have
existed of finding a suitable ampule to contain the
strong alkali over indefinite storage. This appeared

_ possible in the use of special Corning alkali resistant

glass. It ¢can be seen that the arca bounded roughly
by 32 and 35 per cent breaking load and 8 to 15 min
in time had essentially a reliable performance inde-
pendent of temperature,
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TIME IN MINUTES

Frivre 10 Effeet of loading on breaking time for Cor-
dura in 5.2 per cent sodinm hydroxide,

Fiber G ™

This material differed from Cordara only i the
method of manufacture, Tests with it gave better
reproducibility at high times but poorer at low times.
It also was entirely comparable to Cordura in pos-
sessing a zero temperature coefficient in a limited
range and having great sensitivity to the numerous
varinbles already mentioned. Figure 2 indicates the
relationship between breaking time and loading time
for thix material in the best solvent, namely 10 per
cent sodium hydroxide,

13.3.3

1.1 MAGNESIUM ALLOY DELAYS?®

[ENN The Alloy

It seemed possible that a suitable alloy of mag-
nesium might be discovered which would be stable
under atmospherie humidity but which would spon-
tancously dissolve in the presence of an electrolyte,
Thix was hased upon the functioning of the alloy asa

couple, in which the elements of an electrochemical
cell were presént. In some respects it resembled
closely the idea underlying the Electrolytic Arming
Disk (see Section 8.4.2) and the Mark II Pencil (see
Chapter 10).

45 T T T 1 | ]
o - -
«
o
-4
o 40 -1
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<
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]
T w
o
z st .
-l
© 2° 26* 60° C
«
a -
! L | 1 1 |
] 10 20 30 40 50 60 70

TIME IN MINUTES
Ficere 2. Effeet of loading on breaking time for fiber
G oin 10 per eent sodium hydroxide.

From the laboratories of the Aluminum Company
of America, a material was obtained which had these
properties and consisted of: magnesium, 99.7 per
cent; iron, 0.2 per cent; and nickle, 0.1 per cent.
The fundamental process of all devices based on this
alloy was the controlled corrosion of it by the elee- |
trolyte comprited of salts in aquéous solution, A -
number of salts were investigated of which ammo-
nium chloride appeared to show the greatest advan-
tage. This was explained by the following equations:

Mg 4 2HOH — Mg(OH): + H, and
Mg(OH)Y. + 2NH Cl — MgCl, + 2NH OH

Beeause magnesium hydroxide is a stronger base than
ammonium hydroxide the second reaction took place
and the insoluble magnesium hydroxide which would
otherwise accumulate was removed from the reaetion
exposing fresh surfaces for further attack.

Other considerations would indicate that, in either
strongly acid or strongly basic solutions, magnesium
would be too reacts e and the reaction would tend to
have a high tempemture coefficient. The pH range
provided by ammonium chloride was the most fa-
vorable which could be found. Using this metal and
this system as the basis, two types of delays were ex-
plored to a point which indicated that neither would
he likely to yield a suecessful competitor to the
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84 BASES FOR TIME DELAY FUZES

Mark I or the Mark II Pencil. These types are given
in the two following sections.

13.0.2 Barrier or Disk Type

In this application the electrolytic solution was
brought into contact with the timing element of mag-
nesium alloy which was in the form of a disk or a
barrier scparating the electrolyte from a dry add-
water type of electrolytic cell. If the barrier disk of
special alloy were of a predetermined thickness and
had a predetermined exposed area, the time required
for errosion of this disk was found to be fairly con-

stant. Kating away of the barrier allowed the excess

electrolyte to penetrate into the underlying eleetro-
Ivtie cell, of which magnesium served as the anode
and a ~ilver wire coated with a thin layer of a fused
silver chloride served as the cathode. When contacet
was established, a current was produced by this cell
which was sufficient to fire an electrie squib (Hercu-
les Blasting Cap 100-24B). Such a cell could be
counted upon to deliver for a period of one min at a
resistance of one ohm between 600 and 350 ma of
current at 1.86 volts,

Several different designs were built utilizing this
electrie firing svstem, and of them the most success-
ful contained the ampule of ammonium chloride so-
Jution in a gas-tight chamber with erushing provided
in the manner of the AC delay (see Section 13.2). Tt
will be noticed that hydrogen is evolved by the re-
action and use was raade of this to baild np pressure
in the gas-tight chamber and to provide a positive
means of foreing the electrolyvte through the eroded
barrier onto the poles of the firing cell. No design was
ever successful in providing operation independent
of position and, from a field view point, this was so
serious that the system was abandoned. Tt appeared
also that unless the electrolyte was delivered to the
firing cell instantly, the serious drain on that cell’s
potential gave frequent misfires,

Other considerations also led to the abandonment
of the idea which is illustrated in Figure 3.

13,03 Shear or Tension Type

Much simpler than the barrier type were models
hased on the use of the speeind alloy as a wire,
mounted either in shear or in tension, supporting
mechanically a firing pin held against a compressed
spring. The similarity to the Peneil time delay will he
apparent, Figure | illustrates this tvpe of design,
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UNEXPLORED OR UNSUCCESSFUL SYSTEMS 85

assuring that the alloy member was adequately
L'—"——— carp bathed by fresh electrolyte solution during the re-
MALVED SPACER action period and in using magnesium wires of di-

ameter sufficient to prevent cold flow on long stand-
ing, while still being small enough to give useful time
delay periods. The per cent variation expected from

lg——————————— FIBER GASKET

such a system was somewhere between 6 and 13, a

’/'\ distinct improvement over the Mark I Pencil; never-
theless, the design was one which would operate only

- ELECTROLYTE AMPULE  in a vertical position, which would be very critical to

manufacturing procedures (particularly to the di-
ameter and dimensions of the stressed magnesium
element), and which would show no remarkable ad-
¢——————————— REACTION CHAMBER vantages. Its performance is illustrated in Table 4

using an alloy shear pin of diameter 0.065 to 0.066 in.

and 0.20 ml of electrolyte solution, one molar in
PACKING acetie acid, sodium acetate, and ammonium chloride.

SO S SIS NSNS,
SAOANAINIINNSNINY

Tapre 4. Operational characteristics of shear type.

/
7
AR

— TIMING ELEMENT -
X : Temperature Mean time ¢ Deviation

% % p STRIKER 39 ¢ 140 min 10.7
(4 24 (E :227 min 13.:7
. \\/ § » . . ,il(Z: (‘ 3§5 min ‘ 9.3
R\ 7/ N\ - ¢ 551 min 87
,-:" d/DQ _ =, a0Y9 min o
& Na /:n .
- \E / 0 SPRING These figures illustrate the increasingly good per-
' _ a :DQ ) formance at low temperatures and, on the whole,
~ J9 ;DE remarkable independence of the essentially chemical
. : reaction from temperature. In spite of these good
N features, the system did not have sufficient merit to
" \ @o————-——— SAFETY PIN Twarrant its serious consideration ax a universal time
BN N ‘ ' delay comparable to the time Pencil. However, for
N <3 SIGHT HOLE very special uses where lightness and compactness
P N are important features, a delay could be devised in
X which the speeial magnesium alloy might have great
<+ t PRIMER ASSEMBLY advantage over any .other known system. Details of
such a delay were worked out but it was never put
| into production.!
— SPRING SNOUT 155 UNEXPLORED OR UNSUCCESSFUL
SYSTEMS
A number of ideas eame to the attention of the
j division, Many of them were never worked upon, and
, : others were only partly investigated. They are re-
i corded here as possibilities for future evaluation.

1. Bimetallic Electrolysis. A system was proposed
consisting of two clements of cadmium and zine re-
In this model the deficiencies of the electrie methad  speetively. Upon the addition of an eleetrolyte the
of firing were eliminated but new difficultios arose in - spontancous solution of the zine might be useful as

Fravue 4 Shear type magnesium alloy delay.
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86 BASES FOR TIME DELAY FUZES

the basis of a time delay. This was not investigated
in view of the success of a similar system in the
Mark II Peneil.

2. Cold Flow of Metals. Some work v:as done in
the United Kingdom and by the division * on zine
and lead employed as metal sheets through which a
striker point was caused to penetrate by spring ac-
tion. A time delay system could thus be devised de-
pending upon the foree of the spring and the thick-
ness of the metal sheet. Unfortunately both lead and
zine displayed an extreme sensitivity to temperature
and shock and the system was abandoned.

3. Gas Leak.® Considerable work was done in
Britain on a device consisting of an evacuated cham-
her sealed from the air by a1 metal tear strip cover,
beneath which lay a ceramie disk of unglazed porce-
lain, The other end of the evacuated chamber was
provided with a click diaphragm similar to that used
in the Sympathetic Fuze (see Chapter 8). Removal
of the metal cover allowed the atmosphere to flow
through the pores to the ceramic disk and eventually
to build up the pressure inside the evacuated cham-
ber to a point where the sensitive bimetallic disk
would snap and fire. Busically the system was sound
in that the laws goseiing diffusion are practically
independent of the ordinary temperature range; how-
ever, manufacturing difficultios were very severe and
the problem of reproducing porous plugs was never
overcome,

4. Liquid  Leak.
liguids such as silicone flowing through minute ori-

The use of constant viscosity

fices could be used as a basis for a time delay either
mechanical or electrie. Some work of this sort has
already been mentioned (see Section 8.4.3) as a gen-
eral scheme for a number of delays covering a wide
range of timings. :

5. Swelling of Rubber. It was found possible to de-
vise a very inaceurate bui certain delay based on the
well-known property which rubber has of swelling
when unmersed in organic liquids such as gasoline.
For special operational uses such a system was recom-
mended.

6. Battery Erhaustion. It was suggested that a
striker held by an electromagnet would fire upon ex-
haustion of the battery supplying erergy to that
magnet. The well-known variations in batteries and
their extreme sensitivity to age and iemperature

"made the system seem unlikely.

7. Diurnal Temperature Change. For a delay of
one or more days, use could be made of the uneertain
but inevitable temperature change which generally
oceurs with samset. This type of delsy would be very
erude and limited to special uses in «pecial geagrapld-
-al locations,

Much energy and several years of work wece ex-
pended by division personnel in a search for an im-
proved time Pencil and for new time delays in gen-
eral. Those which were suceessfully developed were
the Murk II Peneil, the improved Mark 1 Pencil, the
clockwork dela; 5, and the modified AC Delays. None
of the systems given immediately above can in the
opinion of the writer compete with these.
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Chapter 14
RADIO-CONTROLLED SWITCH

INTRODUCTION

At the request of (O8S and with the cooperation of
the Signal Corps, Division 19 embarked on a pro-
gram to develop a radio-controlled switch for the re-
mote activation of explosive or incendiary materials.

The first operational requirement suggested that
the switeh be operated on a frequency elose to 100 ke
by a fixed radio station. It was required also that the
switeh have a maximum life after being planted and
activated, which meant a design imposing only a
small drain on the dry eell batteries which would be
required to kedp ue set in gperation. Secondly, it was
desived that when these batteries had exhausted
themselves and the set was no longer able to funetion
on receiving the appropriate radio signal, it should
automatically destroy itsell. A third major require-
ment cadled for mechanieal firing to be accomplished
upon reeeipt of the proper signal, but only after an
interval of sufficient duration to prevent the acei-
dental tripping of the switeh by enemy sweeping of
the air or by aceidental natural disturbances (See-
fion 112)

"\ switeh meeting these requirements bad reached
an advaneed state of development when the opera-
tionad picture altered and the need for a set operated
on 100 ke vanished. Tnits place appeared a veed for a
radio switch to funetion on receipt of a <imal of
about 100 megacyeles, Transmitting cquipment ca-
pable of providing this signal existed in all standanrd
bombers of the United States and Great Britain, and

111

_operations were visualized in which radio switehes

- the Signal Corps had similar devices under develop-

ment and some of them in production and use. The
work was not entirely repetitious, however, because
of the tremendous effort made to keep volume and
weight of the radio switeh to an absolute minimum,
and to provide the longest possible shelf life and self-
destructive features, Since the personnel of Divi-
sion 19 were not hy background equipped to deal
adequately with a radio problem, the bulk of the
work was very gencrously done in Division 13 with
the aid of a cooperative committee comprising the
two divisions and the interested liaison officers.

The only one of this family of switehes which was
produced was the one to be operated by aireraft at
100 megacycles, of which approximately 1,000 units
were manufactured by USS.

OPERATION AT 100 KILOCYCLES!

This unit consistea essentially of a loop. a -metal
housing for a radio chassis relay, a batterv pack, an
electrolytic coll, and a self«lestruetive mechanism.
T'he block diagram shown in Figure 1 illustrates the
operational scheme.

1.2

2-STAGE RADIO FREQUEN(™ AMPLIFIER

LOOP  b——e| wirw AUTOMATIC PLATE GURRENT CONTROL

eLECTROLYT l BATTERY DIRECT
- o— | meLa CURRENT
_—
Y PACK AMPLIFIER

CELL '

e previoasly planted by ground forees would be acti- T 1. Bloek i ¢ vorratiomt sel .
-_’ vated by on-coming bombers when they were elose to lllll(i't‘. e 1 Block digram of operational scheme, Sk
s their target. On activation the switehes would fire . ’
: flares, which would mark the target more precisely or The receiver unit was eased in a sealed box having
y delineate the front line of operations, thus preventing — tt volume of 216 cu in. and carrivd an insulated loop
accidental and _premature dropping of bombs on  measuring 6 x 9 x g in. attached by elips. Of the
friendly troops. Another use conceived for such a  total volume, nearly one-half was provided for the
switeh ineluded the marking of air ficlds at night  cleetrolytic cell and its accompanying mechanieal
(Seetion 11.3). detonating train and a eharge of plastic explosive or
The last phases of the program were concerned  iacendiary material. The loop tuned to the operating
with the development of a similar switch to be oper- — carrier frequencey of the transmitter when located ina
] ated by o transmitter on the ground inarange of 3to  field strength of 100 microvolts per meter or more
g 8 megaceyeles, Such a switeh would be of interest to anplied a voltage on the grid of the first radio fre-
o the Corps of Engineers aad coudd he used to detonate  queney amplifier stage. Another stage following this
: explosives planted prior to a retreat (Seetion 11 4). inereased the amplitsade sufficiently to reduce the bias
:'\-: The problem was not unigue with Division 19, for  on a direet earrent amplifier, thus eausing plate cur-
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RADIO-CONTROLLED SWITCH

rent to flow in an output resistor. So long as this was
low, the B battery current passing through a relay
coil kept the relay armature open, but as soon as the
field strength reached 100 microvolts per meter the
current passing through the relay coil inereased to
the point where the relay armature closed. Closure of
this connected a battery eireuit inveiving the so-
called clectrolytic eell. This was provided to prevent
premature firing of the switeh by aceidental signal-
ing. So long as a constant signal of the proper wave
length and field intensity was received by the loop,
a current would pass in the electrolytic eell, eventu-
ally operating it.

This cell consisted of a thin giass bulb filled with
dilute sulfurie acid and containing two platinum
clectrodes. It was mounted in two bayonet-tvpe
sockets under a tension of 8 Ih and was an incegral
part of a mechanical firing train. Passage of the elee-
tric current through the cell vesulted in the eleetroly-
sis of the dilute acid with the producetion of hydrogen
and oxygen gas Collection of this continued in the
glass bulb to the breaking point, whercupon the me-
chanical initiating system of the deviee operated and
the charge was fired. The exact performance of the

cleetrolvtic cell depended on the temperature, the
diameter of the bulb, and more critically on the di-
ameter of 1 bubble of air sealed in the cell in its man-
ufacture. In Figure 2% the performance obtained uas
a function of temperature and bubble diameter is
recorded. ‘

It is apparent, for example, that with a bulb hav-
ing a bubble diameter of 1y in. at 74 I receipt of the
proper signal for 3 min would be required hefore the
switeh would perfora, In this way complete safety
was provided against accidental triggering by enemy
or natural means,

Should the siall battery pack of the radio switch
become exhausted prior to receipt of the proper sig-
nal, the B and filament voltages would drop suffi-
ciently on the amplifier tubes to allow the reiay ar-
mature to elose as hefore, bringing about the self-
destruetion of the unit, Tests with this type of switeh
showed that it would operate over a distance of at
least 30 miles provided it were not shielded by large
metal objeets. The ambient held strength could be
safely estimated by a user in advanee and the deviee

“adjusted so that arming it did not entail danger. Fur-
thermore, adjustments could be made in individaal

] I [ ] I ! [ | i !
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120 \ Y -
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90 |- ) ~
:\ \ | ]
oo \ -]
A}
w o 3 \
o 70| \ —
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Leol DIAMETER OF BULB USED -:440° 70 470" ]
& OIAMETER OF BULBLE 1/68"° @ 74F
8 " CURRENT.D C --5 MILLIAMPS
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40| ; z ’ omef
: 2
s} e -]
20| » )
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control of model airplanes in flight (triode type QF-6),
a cireuit was designed operating at about 90 mega-
eveles.'® Using the single tube and very small batter-
ies, it was believed that a unit occupving not more
than 18 cu in. and having an operating life of about

features to the {ater suecessful design.®

The cireuit of this switch is shown in Figure 3. Al-
though only a single tube was used, operation of the
cireuit was complex. It functioned simultancously as
a self-quenching super-regenerative deteetor and as

ele
t\‘ ol
\ 2
a {
A OPERATION AT 100 MEGCACYCLES 89 “-’\'i
r. R
f, 2N
. . .. - . B . . . (WY
;- sets to provide functioning between 95 and 120 ke The switeh was also provided with a hooby-trap ar- T
. with increase in sensitivity and deerease in selectivity  rangement to prevent its heing moved, and arming RO
'; at the higher figures, A total weight of 8 1h, including  was aceomplished by the use of a speetal key which e
: 2 b of batteries, gave a switch having a life after  would be disposed of by the operator. Any attempt "':".
! planting of approximately one week, to interfere with the set by the insertion of a substi- o
\ . . ’ . .
o tute key would result in instantancous operation, o
- . . AL A €N LG sinee an eleetrie contaet direetly to a small internal o
\ 113 OPERATION AT 100 MEGACYCLES® N . | Py
\ charge of plastic explosive would thereby be made, o
A . - . ¢ -
o Sinzle Tube Model Operation of the set on exhaustion of the batteries e
! H.3.1 ingle 1ube .Yode was as deseribed in the earlier devices, =
u Using a proposal of a ciretit containing a super- Even though the one-cell model based on the QFF-6 v
. regenerative gas tube such as had been used for the  tube proved impractical, it nevertheless contributed ...-:
. .
"
,-
\l
!

one week could be devised. This would be a great im-
provement over the rather bulky 100-ke model and,
moreover, would more closely approach field require-
ments. Unfortunately, attempts to construet a
switch based on this single QF-6 tube were entirely
unsuceessful due to the breakdown of the tube under
the conditions imposed by operation at frequencies
close to 100 megacyveles. It appeared that the QF-6
had been designed primarily for use at 60 megacyveles.

Attempts to develop a new tube which would ~uf-
fice for the higher frequeney ranges were unsuceess-
ful, and the early designs were abandoned. # ¢ This
was not before it had been discovered that changes in

O A f ARG

+

o sensitivity could be caused by surrounding objects
o2 due to absorption, reflection, and radiation and that
. there were limitations in the mechanical and electri-

cal components, Notable among these was the re-
quirement of delayed action, which in the 100-ke¢
model had been met by the electrolvtic cell. This was

",

- not considered feasible for use with the 100-mega-
f‘.: eyvele unit because of its fragility and irreversibility.
S The suggestion that the armature of the relay be of
» a pendulum type suspended in a vertical position, so
[ that its time cvele would be sufficient to cause it to be

an andio-frequeney gas tube relaxation oseillator.
Upon receipt of a signal of proper frequeney and in-
tensity, the plate current drepped to 4 fraction of its
normal value, causing the relay to elose the external
eireait.
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* e n . Sy . L
a positioning of the switch, which was not felt desir- A
v able. On the other hand, a delay provided by a meter  1h3.2 Two-Tube Model ON
" tvpe movement was found to be quite practical, in- When it became evident that the circuit mentioned AR
LB sensitive to vibration, and, when provided with mag- above would not be satisfuctory, consideration was __,._!
- . . . . . RO
- netic damping, unresponsive to a plate current caused  given to one employing other types of tubes. A new
‘< by static surge in the neighborhood of ¥4 sec, a period  cireuit was designed to operate on an r-f carrier which L
. . « . . R
> which should have been ample to take care of any was amplitude-modulated with an audio tone of pre- Tty
:' such accidental interference, determined frequency. It wouid thus not operate on N
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9% RADIO-CONTROLLED SWITCH

an unmodulated earrier, and the audio-frequency
selective circuit and time delay earried in the switeh
made false operation unlikely. Models of this tvpe
having a volume of about 60 cu in. and weighing
about 23 1b, including batteries, had sufficient sensi-
tivity to be operated hy an SCR-522 transmitter
from a plane at an altitude of 10,000 ft, 10 miles
away. The essential circuit of this switch is shown in
Figure 4.

ANTENNA
(SHORT WIRE)

g L

R-1
957

Detection of the switeh due to radiation from it
wis not ety accomplished, for it did not produce o
characteristic whistle when the receiver frequeney
oscillator was turned on. The aceuracy of tuning was
about + 100 ke, and. in view of the broad response
characteristios of the switeh, it wax considered suf-
ficient. '

The theoretical range would depend apon the field
intensity; where tuning was accurie, the switeh op-
erated on a signal of 200 microvolts per meter or less.
Little or no attenuation due to surrounding objects
would be expeeted. Table 1 gives the performance

4 2.7 Neb E  from planes at different altitudes, o
, 3 R
- L]
Py {{ ot -—- ; Tanie 1. Performanee of two-tube model at various 'Q'j
- An pa alti w.d [ I
£ altitudes, - . S s
& z I - [ .
¢§ 2 Range -~ Miles o
C-4 )/ 250.uumt u o T . o
: “\
CZ " © 155 2270.-150 e " Reliable uperation | Possible operation :‘xs\;
) y b § RELAY Altitude (N mv.n) (200 mv,m) oy
4 o 'r'—C | R
>_ Olut 2 H feet e e L e 3
=t Drydaoil "Maoist soill Dry soil | Moist soil ‘o
~’D B ]___-, R :,.___.,,.m O S S :—dﬁ.
A ey LO00 B} 4 s 9 L]
S = - ] . ‘ -
ojo " 5000 70 e ‘ W1 oy
o < 10,000 10 P12 ; 17 2 ®
] 20,000 13 - N
O SO S 4
<
[[XAX.) )
Ns00.umt ‘ ¢
1.3.3 - Aircraft Modulating Unit ¢ V
+0 g -6 o+ The radio-controlled eleetrie switeh deseribed in .::'»
67.5v LSy Section 14.3.2 operated from a tone-maoedulated signal ;
Ficrre 4. Cirenit diagram of two-tubed radio-con- of predetermined audio-frequeney from a transmitter v
frolled ~witeh, standard in bomber planes (SCR-522). A circuit was ‘::
Two tubes were employed: a type 957 super-regen-  required to provide the tore modulation at the trans- Ty
erative detector, and a type 185 having both a dixle  mitter. Two models of this circuit were made and )"
and pentode section. The diode was used to reetify  tested. They were not, however, put into production e
. N . R )
the audio-output voltage from the detector. The di-  because of the lateness of their development. AN
rect current voltage xo obtained biased the grid of the These two models had the same cireuit, which dif- e
. . . . . \
pentode section negatively and reduced the current  fered in the method employed to secure alignment Lo
in the plate circnit materially, thus the relay nor-  with the audio-frequency to which the frequency was N
mally held was released upon the receipt of the tone-  tuned. Model 1 was a stable fixed-frequency model,
modulated control signal. while Model 2 had its frequency continually varied
Beeause the detector load impedence was an anti-  over a range of +83 ¢ at the rate of 3 times per
3 . . . . . N Le
resonant cireuit, operation of the switch depended  minute by means of a motor-driven condenser. The
upon a preseribed narrow range of audio-frequencies.  latter system was more flexible and did not require
In this feature lay the safety of the circuit. In addi-  rigid adjustment of the set and the modulating unit. »
tion, the network provided aguinst faise operation by Either unit was portable, operated from dry batter- . 4
giving a delay of about 250 millisce. Operated at an  ies, and arranged to plug into the interphone system A
ambient temperature of 70 F, this circuit had a maxi-  in place of one of the regular microphones. Funetion- "
mum life of approximately 80 hours. Increase in bat-  ing depended upon adequate insulation of the unit _n.‘_':z
tery load would, of course, increase this time. from extreme cold. ':‘:n
+ A
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10 MEGACYCLES 9

'_-.‘;: 1.t OPERATION AT 10 MEGACYCLES?

It was determined that a practical switch small
» enough to fulfill tactical requirements could be de-
veloped operating in a frequencey range of 3 to 8 meg-

-

:*;.:_ acyeles, provided by a standard CW ground trans-
N mitter used by 0SS and based on the SCR-536
_\: Handy-Talky. .\ five-tube switch circuit using a
-‘_:-.: 39-in. vertical whip antenna was suggested which

would meet most of the specified requirements in-
cluding an operating life of 36 hours and a range of
approximately 3 miles, The usual requirements of
self-destruction upon exhaustion of the battery or
upon attempted interference were inelusled.

The complete cireuit comprised a converter, an in-

termediate frequency amplifier, a detector, an audio-
frequency amplifier, a limiter, and a rectifier. The
circuit following the limiter was similar to the 185
tube rectifier-amplifier and relay emploved in the
100 megacyele switeh (Section 14.3.2). The frequency
was aceurately established by a ervstal oscillator,

Cyroration was provided by a field strength of 40 to
150 microvoits per meter and for protection against
false operation on interfering signals or noise, an
audio-frequeney seleetive eireuit tuned to 100 ¢ and
preceded by the limiter to reduce the effect of vari-
ation in signal strength was suggested. A time delay
of 10 see or more could be incorperated as an added
safeguard. Figure 5 preseats the significant part of
the ctreuit of this deviee,

. OETECTOR CIRCUIT SHOWN DOTTED
2.L IS WESTERN ELECTRIC COIL W 3336
3. L=C ADJUSTED TO RESONATE AT 100 CYCLES
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PART HI
COMMUNICATION DEVICES

In this part of the Summary Technical Report of
Division 19 are described a nuniber of developments
which did not reach completion prior to the termina-
tion of the division’s activities. Theyv are all con-
cerned with various types of seeret communications
over relatively short distances, ranging between a few
feet and two or three hundred yawds. The medium of
communication was in some cases air and in others
water. In every case, however, the object was to al-
low individuals, presumably on reconnaissance mis-
sions, to communicate with great security with each
other either by telegraphy or by voice. The systems
on: which the devices were based were, therefore,
those which rapidly attenuated with distance and
which do nct lend themselves to development to very
great range. In Chapter '3 will be found the details of
a system based on the induction field. Two devices
are described, one the IFT, which was both a re-

_ceiver and transmitter, and the other an IFL, which

was a transmitter alone. Operationally the IFT’s
were considered useful for communication in jungle
terrain by a reconnaissance patrol and for the loca-
tion and direction of members of the party. The 1FL
was useful in the Kuropean theater as a homing de-
vice on which the various members of a parachute
stick could locate themselves after parachute landing.
Both of the devices allowed this type of operation be-

cause of their directional effect. They are the only
ones of the devices deseribed in this part which were
produced in quantity and were of special interést to
the Signal Corps and the Airborne Commanid.

Chapter 16 deseribes various means of communi-
cation through water. The operational use was of two
kinds. In the first, communieation across vivers or
harbors or between eraft and shore would be possible.
In other applications communication between swim-
mers or operators of underwater craft would be
achieved and in this case eculd be cither telegraphic
or telephonie, A few madels of the devices known as
the UWT were produced and suceessfully demon-
strated but the system was not fully explored.

In Chapter 17 are described some miscellaneous
devices based on supersonic communication and a
microwave transmitter-receiver known as the MWT.
These devices were even less perfectly developed and
are recorded here to preserve the information ac-
quired. In common with all the other parts of this
volume, the contents of Part III are designed pri-
marily for the individual operating alone or in a small
party close to enemy lines and in a most elandestine
manner. It is believed the devices will interest Army

Ground Forces and the Signal Corps as weli as the

Navy and the Marine Corps.
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Chapter 15

A SHORT RANGE INDUCTION-FIELD
COMMUNICATING SYSTEM (IFT-IFL)

15.1 INTRODUCTION

In April 1943, several requests were submitted to
Division 19 for short range secret signaling systems.
The 0SS and the Marine Corps deseribed several sit-
uations for which a communicating system, with a
range of about 100 yd that would not be detectable
by the enemy at distances greater than 200 yd, was
desired. To meet this demand the induction-field
transceiver (IFT) was developed for two-way com-
munica’lon at distances up to 127 yd and the induc-
tion-ficld locator (IFL) was developed to emit auto-
matically signals that could be received at distances
up to 100 yd by meens of an IFT.

The induction field was used as a means of com-
munication because the strength of the signal de-
creases approximately as the cube of the distance
from the transmitter. Thus a properly designed trans-
mitter and receiver could be used at the desired
range; at distances only a few vards bevond this de-
sired range, the signal woulil be undetectable by
enemy observers. The apparatus was developed to
satisfy these criteria and to have minimum weight
and volume consistent with an adequately rugged
structure.

The latest model of the IFT (Model B12),! con-
structed in the laboratory in 1944 and produced in
small quantities by a subcontractor in 1945, com-
prised a metal case which could be attached to the
belt of the operator, a coil which was strapped on his
back, and an earphone which could be attached be-
neath 2 helmet. The total weight of the transceiver
was approximately 2.5 lb.

The most recent model of the IFL (Model B8) '»

_ consisted of a single case into which the electronic

equipment was assembled; the coil which produced
the induction ficld was mounted around this equip-
ment. The weight was approximately 2.5 Ib and the
size was 614 x 5 x 154 in. This instrument was also
produced in small quantities early in 1945.

Two or more operators, each carrying an IFT were
able to communicate by coded signals at distances up
to 125 yd. Because of the directional properties of the
apparatus and the field which it produces, it was
found possible for the operators of these devices to
approach cach other simply by listening to the coded
signal from the other transmitter and by walking in

sich a manner that the signal strength increased.
The IFL, put into operation by means of a switen on
the device, transmitted a continuous signal for about
16 hours. During this period an operator equipped
with an IFT could locate the IFL if it were within
100 yd of him by walking in the dircction that gave
rise to an increased signal. Beyond approximately
200 vd, signais from the IFT and the IFL were in-
audible on the receiving apparatus of the IFT and
were thought to be inaudible by an enemy using any
of the known scanning radio receivers.

The following sections are devoted to a deseription
of the IFT and IFL and to a description of tests of
these devices.

152  MODEL B12 IFT AND MODEL
B8 IFL

A coil carrying an alternating current sets up an
electromagnetic field. The mathematical analysis of
this field suggests that it be described as a eombina-
tion of two fields, an induction field and a radiation
field. As the frequency of the current of the coil is in-
creased, the distance from the transnutter at which
the induction-ficid intensity and the radistion-field
intensity are equa! decreases; this distance is equal to
the wavelength (corresponding to the frequeney of
the current) divided by 2x. Thus, in the case of an
alternating current of 50,000 ¢, the radiation field and
the induction field are equal at a distance of approxi-
mately 1,000 vd from the transmitter; and at higher
frequencies, this distance is iess.

For a given current in the induction-field coil and
for a given distance of separation of transmitter and
receiver the received signal voltage increases linearly
with the-frequeney.

Therefore, if the induction field is to be used as a
means of transmission, the frequency should be high
in order to attain high sensitivity and the frequency
should be low in order to achieve security. After ox-
perimenting with induction-field transmitters and
receivers over a range from 3,000 to 60,000 ¢, it was
decided to choose a frequency of 50,000 ¢ as a suitable
compromise for the requirements in this problem.
Frequencies less than 20,000 ¢ have the advantage of
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SHORT RANGE INDUCTION-FIELD COMMUNICATING SYSTEM

inereased security, but the apparatus for the low fre-
quencies is exeessively heavy and bulky.

The major part of the development which led to
the production of the Model B12 TFT was concerned
with the problem of construeting from available com-
ponents a compaet, lightweight, transmitter and re-
ceiver of 50,000 ¢ induction-field  signals.  Many
different types of tubes and different kinds of batter-
jes were tried and extensive experiments were made
to determine the optimum design of a coil for the
transmission and receptiot of the signals.

The resulting Model BI2 IFT comprised a trans-
mitting and receiving coil, a transmitter and receiver
which together with batteries were included in an
aluminum ecase, and an earphone. The aluminum
ense, which could be attached to a belt and supported
in front of the operator, was 7 in. long, 414 in. wide
and 154 in. thick. The deviee was worn so that one of
the ends 414 in. by 134 in. was upward, the case be-
ing held fat against the body. In this upper end there
were mounted a push button for sending coded sig-
nals, and combination volume control and an on-off
switch. Cable terminals for the i‘ndu('tion-ﬁekl coil
and for the earphone were also mounted in thik case.
Within the case there were four vacuum tubes, bat-
teries, and other ecircuit components. The batteries
were so arranged that they could be easily removed
and replaced without the use of special tools. One of
the tubes was used as an oscillator for transmission
and as a H0-ke amplifier for veceiving. A second tube
was used as u loeal vseillator to produce 47.5 ke per
see and as a converter. The output of this tube was
put through a low-pass filter from which the audio-
frequency signal was fed into a two-stage audio-
frequency amplifier and then into the earphone.

The induction-field coil consisted of 100 turns of
number 27 wire, wound spider web fashion to reduce
distributed capacitance. The coil was flat (1712 x
113, x 3, in. thick). It was equipped with straps,
so that it could be attached to the back of the oper-
ator, and carried a cable, the plug of which was in-
serted into the case of the transmitter-receiver.

The Q of the coil and cable was found to he approx-
imately 75. A photograph of the entire apparatus is
shown in Figure 1, and the apparatus within the case
is shown in Figure 2. i I

In operation, two men equipped with the \[odel
B12 IFT separated by a distance of about 100 yd
turned on their devices and adjusted the volume con-
trols to maximum. If operator A then pushed the
transmit button of his device, the 50-ke cscillator

Maodel B2 IFT.
ment and batteries are enclosed in the aluminum ease
at the right; at the bottom is the earphone; to the left
is the induction-field coil which is strapped on the hack
of the operator.)

Fraere 1. (The electronic equip-

caused a current of this frequency to flow in the in-
duction-ficld coil and thus set up an induction field
surrounding him. Operator B would then hear a
2,500 cyele signal unless his eoil were turned at right
angles to the plane of the transmitting coil. The sig-
nal heard by operator B was caused by the voltage
induced in his induction-field coil by the transmitted
signal, the amplification of this signal by his first
amplifier, the conversion of this signal to a 2,500
cyele audio-frequency signal by his converter, the
amplification of this audio-frequency signal by the
two audio-frequency stages, and the audible signal
thereby produced in his earphone. The maximum
signal strength occurred when the coils were coaxial.
Thus, operator B could determine the line-of-sight to
operator A by turning until the signal was maximum.
He could then walk straight forward; if the signal
strength increased, he was approaching operator A;
if the signal strength decreased, he was walking away
from operator A.

Figure 3 is the wiring diagram of the Model B12
IFT. Note that the tubes are Raytheon Hearing Aid
tubes, With each instrument a briei instruction
manual 2 was issued. This instruction manual de-
seribed not only how te eperate the device but also
how to adjust it for optimum sensitivity and how to
replace bhatteries.

The Model B8 IFL was a single tube transmitter
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Fiicre 2.

Chassis and battery holder removed from the case of Model B12 11T,

e [1-005ut
<o~ © |—— '
PUSH L

INDUCTION COIL

3 MEG

10 MEG 500’,_]-‘

——

f
&

10 MEG
AN\
10, 000

b
[H

2 conp 1 3
SHIELLED o] 3
MICROPHONE a— 2
CABLE
o
]
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1S,
N i
=¥ =¥
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Ficure 3. Circuit diagram of Modet B12 IF?",

built into a case 5x 614 x 155 in. on a circuit de- [
signed to oscillate at 50 ke. The coil wonnd around 153~ TESTS OF THE IFT AND IFL :;'_::
the edge of the case and within its outside cover Extensive laboratory and field tests of the [FT and “:“'.
served, not only as the inductance of the oscillator, of the IFL were made in Philadelphia; in addition, -"'\::
but also as the producer of the induction field. The several tests were conducted by various branches of ‘::.(-:“'.‘-::.
operator of an [FT, within a range up toabout 100 yd  the Services. Prior tc these, early models of the IFT O ALY
could hear the signal from the IFL and could ap- were subjected to a jungle test,* being exposed to ',_,._.,1
proach it in the same manner as that described shbove.  tropeal climate for several weeks. These tests showed e
Figure 1 is the wiring diagram of the Model B8 IFL. that the apparatus as then designed was subject to e
An instruction manual 3 for this device was issued fungus growth and deterioration so that it soon be- -:.'-_.\';.
. . . . . RN
with each such piece of apparutus. came inoperable. Subsequent models were designed 5 -,:,:..-ﬂ
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Figure 4. C'ircuit dingram of Model B8 IFL.

{0 minimize these effects; these later models, inelud-
ing the Model B12, were tropicalized, following
Army recommendations for such procedures. The
early models of the IFT tested in the jungle were
found also to operate at a distance of only 50 vd
through dense jungle undergrowth. This was the only
report of a limitation of 1ange due to vegetation.
Subsequent tests of later models showed that the re-
designed IFT operated satisfactorily at ranges of
100 to 125 yd under similar circumstances.

The Marine Corps tested several Model B4 IFT’s
and found the range of that model to be about 75 yd.
They also found that it was possible to ccmmunicate
using one IFT within a tank and another instrument
outside.®

The Model B12 IFT and the Model BR IFL were
submitied to the Army Signal Corps for test at the
Camp Coles Signal Laboratory.® Their report indi-
cated a reduction in range in an acoustically noisy
location, but the character and causes of this acousti-
cal noise were not described by the observer. These
tests also showed that, using a Type HRO receiver
equipped with s loop, the IFT and the IFL could be
heard at about 100 yd but not at greater range. This
result confirmed the design criterion that the signals
from the IFT and the IFL would be secure from
enemy scanning. The Signal Corps testers placed the
receiving IFT about 20 ft from each of several radio
transmitters and found no reduction in range, that is,
no interference was produced by transmitters having
several frequencies from 1 megacycle per sec to 240
megacycles per sec and rated from a few watts to
eight kw. As a result of these tests, the Signal Corps
submitted a list of 19 specific recommendations for

increase the output level when the IFT was used in
a region where there was high-intensity ambient,
acoustic noise.

Four field tests and demonstrations of the Bi2
IFT and the B8 IFL were organized in the European
theater by an OSRD scientific advisor to the First
Airborne Army, early in 1945.7

In these tests and demonstration», the operation of
the IFT and the IFL was explained to Army officers,
and they were asked immediately to use the equip-
ment for specific purposes. Thus, for example, an
officer was told that an IFL was somewhere within
75 vd of him, and he was asked to find it using an

IFT. In spite of the complete novelty of the devices

to the users, the tests were successful; the IFL was
found, even when buildings and natural obstacles
intervened between the initial position of the ob-
server and the IFL. In one case, as an officer with an
IFT approached to within 20 yd of the IFL and
stopped to adjust-his volume control, the IFL was
moved quickly to a position behind the observer.
Having adjusted his volume control he proceeded in
the direction he had initially taken and found that
the signal strength decreased. During the next few
seconds he decided that the IFT was not operating
properly and then turned and walked in a different
direction. He quickly found the YFL in its new loca-
tion. Even under the most difficult conditions, the
IFL was located within ten minutes or less. During
these tests also, two operators using IFT’s not only
were able to find each other and to meet, but also ar-
ranged coded signals so that one operator could di-
rect the other to proceed forward, turn left, turn
right, and so forth. On the basis of these tests, rush
orders for 3,600 Model B12 IFT’s and 400 Model B8
IFL’s were initiated. The first thousand items had
been produced and shipped when the war'in Europe
ended.

It was noted in tests performed by NDRC that the
presence of metal near the induction-field coil modi-
fied the frequency and decreased the range of com-
munication. Thus, when an IFL was placed inside a
steel railroad car, the range was about 50 yd when
the IFL was near the center of the car, and was re-
duced to about 15 yd when the instrument was placed
flat against the steel wall of the car. Furthermore, the
presence of the metal caused the frequency to be in-
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changing component parts of the B12 IFT in order to  creased by approximately 5 per cent. On the other <o ,::-_‘_1
satisfy the specifications of the Arr.ed Forces. The hand, an IFL placed in an automobile (sedan) travel- j:. ‘,-.j:-.j
only basic design change was the suggestion that ling 40 mph was heard for a period of one second by E-&'.:J':’_i.\g
more audio-frequency amplification be provided to observers with IFT’s 20 yd from the road along ‘;"}:: ::':
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CONCLUSION »

which the car passed. Thus, although the presence of
metal caused a deerease in range and an inerease in
frequencey, it did not prevent the operation of the
IFT or IFL. The Marine Corps tests mentioned
above were consistent with these observations,

Farly in 1945, a representative of the developing
contractor was loaned to the Office of Field Service,
OSRD to take several deviees to the Southwest Pa-
cific area for demonstration. From March 1945 to the
beginning of June 1945 he demonstrated the IFT and
the IFL to units of the Sixth Army and others, In his
reports submitted to the Office of Field Servi ice, he
recorded the descriptions of these demonstrations.
The general conelusions which he reached by sum-
marizing the comments submitted to him by officers
who attended the demonstrations indicated the need
in that area for devices with greater range than the
range of the IFT and IFL. It was the concensus of
opinion of these observers also that communication
of this kind should be by voice rather than by code;
that the range should be about 400 vd; and that the
need for security from enemy deteetion was not great.

It would appear that the IFT and IFL were de-
signed aceording to criteria which were more satis-
factory for tacties in the European theater, than in
the Pacific theater. No further development of the
IFT and IFL along the lines suggested by the officers
in the Pacific’ theater was attempted because of the
late date.

i3.+ SUGGESTED CI:IANCES IN THE
IFT aND IFL

As a result of field demonstrations, numerous sug-
gestions were made for changing the IFT and IFL.
These are listed in detail in a separate report,! but
several of them are presented below.

It was recommended that the range be increased to
200 or 250 yd. It is unlikely that this can be done
without greatlv increasing the weight and volume of
the apparatus. The particular characteristic of the
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induction field which makes it useful for this purpose
also makes it necessary to use very high-power equip-
ment to achieve ranges greater than about 125 yd.

It was suggested that the apparatus be redesigned
to use voice transmission. This also \muld increase
the weight of the equipment for the -umo range.
Nevertheless, the use of voice is possible and could
be investigated.

It was suggested that the frequeney be changed to
100 ke. This frequeney was initially avoided because
it was thought to be within the range scanned by the
encmy. No experiments were performed at this fre-
quency, and theoretically, no great increase in range
is to be expected at this frequency, but the experi-
ments could easily be carried out if subsequent de-
velopments required them.

It was recommended that the I¥T and IFL be de-
signed to have several frequencies of transmission.
This idea was tested by constructing two IFT's
which could be operated at 40, 50, or 60 ke per sec.
The volume of the apparatus was increased and the
weight was increased by about two potinds. The
equipment operated satisfactorily at all three fre-
quencies. This procedure enabled an operator to com-
municate with each of three other operators who
would not interfere with cach other.

15.5 CONCLUSION

The use of the induction ficld for short-range com-
munication was demonstrated to be an eSertive and
useful method but the investigation was in no case
carried to a complete conclusion since the devices
were developed dnd produced for specific purposes.
Thus there remains a field of investigation which
might well bring out features of this mode of com-
munication other than those which were included as
the criteria for the development described herein. The
work deseribed here is believed to indicate clearly,
however, that the induction field has possible value
for military purposes.
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Chapter 16

SHORT-RANGE COMMUNICATION
CURRENTS

BY MEANS OF LOW-FREQUENCY
IN WATER

to.1 INTRODUCTION

It was requested that means he provided for inter-
communication between ship and shore under con-

a later seetion of this summary. During the course of
this development, a sample of the British underwater
craft ealled the Sleeping Beauty was obtained, and
one model of the UWT was produced for installation

ditions where security was extremely important It
was also suggested that a means of communication
between o swimmer and a ship or another swimmer
might be useful. Although no precise specifieations

—-were-given, it-was-understood-that- the-apparatus

should bave ranges varving from 200 to 2,500 yd,
that the equipment should be as light in weight as
possible, that it should operate satisfactorily at
depiths up to 100 ft, and that it should be as seeure
from enemy detection as possible. During the first
stages of dv\'elopm(-nt) it was stated that code com-
munication would be sutisfactory, but it was later
speeified that transmission by voice would be more
useful. Late in 1943 the suggestion was made that it
might be possible to insert electrodes in sea water, to
feed low-frequency currents into these electrodes, und
to detect signals at some distance by another pair of
electrodes inserted in the water; sucks a system was
designated underwater telegraph or telephone [UWT],
By avoiding the use of radio signals, acoustic signais,
infrared signals, and light, security was enhaneed.

The initial approach to the problem consisted of a
theoretical analysis of the propagation of eiectric cur-
rents in wator and the design of electrodes for produe-
ing such currents and for picking up signals.! This
analysis showed, not only that it would be possible to
devise apparatus to communicate by means of cur-
rents in water, but also that the signals would have
directional properties. Thus, such a method of com-
munication might be useful for homing problems. For
example, a ship might be able to find its way toward
a signaling station on shore, and a swimmer might
be able to find a ship on which a transmitter was
mounted. »

Although some signaling of this kind had been
done by Samuel F. B. Morse about 100 years ago,
practically no references to recent work along these
lines was found in the literature. Accordingly, a num-
ber of models of transmitting and receiving equip-
ment were constructed, tested, and then demon-
strated to the Maritime Unit of OSS, the Navy, and
groups informed of this development by the Office
of Field Service, OSRD. Thesc tests are described in

inat.
It should be emphasized that the specifications
were never precise and were mudlﬁ(-d from time to

maodels of the UWT were hmlt and t(wu‘d but the
investigation of this method of communication must
he considered incomplete beeause the investigation
was discontinued in June 1945 before precise speci-
fications were determined and hefore the investiga-
tion of possible designs was completed.

16.2 THEORETICAL BASIS OF THE UWT

The initial mathematical formulation * of the the-
ory of the propagation of electric currents in water
indicated the following important predictions, when
two pairs of electrodes, one pair for transmission and
one pair for reception, are placed in the same hori-
zontal plane near the surface of sea water. The volt-
age picknp at the receiver is directly proportional

to the current between transmitting electrodes. The

receiver signal varies direetly with the distance of
~eparation of the two transmitting electrodes. The re-
ceiver signal varies directly with the distance of sepa-
ration of the two receiving electrodes. The receiver
signal voltage varies inversely as the cube of the dis-
tance between the transmitter and receiver. The re-
ceiver signal is maximum, if the transmitting clec-
trodes determine a line which is parallel to the line
determined by the receiving electrodes and if these
two lines are perpendicular tc the line hetween the
transmitter and receiver. The receiver signal is the-
orctically zero if the receiving and transmitting elec-
trodes are colinear. This theoretical formulation sug-
gests the possibility of determining in advance just
how much current is desired for a particular range.
These theoretical data also show that the signals have
directional properties which may be useful for hom-
ing. Also the inverse cube variation of receiver signals
suggests that the system will be secure from enemy
interference, even if he learns about the method and
tries to detect the signals,
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EXPERIMENTAL MODELS OF THE UWT

It is elear that the mnimum practieable value of
received signal voltage will depend upon electrical
noise in the receiver, notse picked up from the water,
and the Imn(l\\'ultll of the receiver, Farly experi-
ments showed that the noise picked up from the
wiater was relatively low level unless it was caused by
apparatus such as the igoition systems of internal
combustion engines, Thus it was unnecessary to pro-
teet from noise, except when the equipment was to be
u=ed near such sources of noise as engines, motors
with commutators, and =o forth; in the latter cases,
means were provided at the source of noise to mini-
mize its effect on the UWE, The bandwidth must be
about 300 eveles for code transmission and some-
thing about 3,000 eveles for speech. The receiver
noise wax ealeulable, Subject to experimental con-
firmation, which has been earried out, it was deeided
that there was a practical sensitivity limit of 10
volts for code and about 10 7 volts for voice. This
speeified” the recciver sensitivity, that is, it deter-
mined the receiver signal that would be useful.

In order to determine the practical current that
eould be nsed in - Oe transmitting apparatus, a theo-
retical investigation of electrodes in sea water was
condueted. It was found that the resistance between
electrodes was about 1 ohm and that it was essen-
tially independent of the distance of separation.

These effects had a strong influence on the practi-

athle distanee of separation of the transmitting elec-

the tuned amplifier was adjusted to oseillate. Signals
from the oscillator were fed into two hollow stainless-
steel electrodex about two inches long inserted just
below the surfaee of the water with a separation of
about 100 ft. Signals were fed into this 5-ohm elee-
trade zvstem by means of a transformer chosen from.
standard items made by a manufacturer of trans-
formers. The power supply consisted of a storage bat-
tery and a vibrator system which produced 100 v,
The total weight was about 100 Ib and the power out-
put of the Model C-101 was approximately 7 w. This
maodel was for boat installation. Model ('-102 weighed
only 8 Ih. It used a 120-volt hattery power supply, a
circuit somewhat like the Model (-101, and pro-
duced about 0.2 w in a load resistance of 5 ohms. In
tests condueted at Cape May, New Jersey, the vibra-
tor power supply produced signals which interfered
with reception on C-101, but signals from (=101 were
heard at distances a little more than 1§ mile by
means of (=102,

16.3.2 UWT Models C-103 and C-104

(-103 wax an improved model somewhat like
(102, and ( -104 was an improvement over C-101.
The power output of C-104 was 16 w. These two
models with electrode spacings of 150 ft were oper-
ated successfully at distanees up to 1.5 miles in tests
at Cape May in 1944

trodes beeause the cables which conduet the curveni .
to the eleetrodes must have low resistanees and were,  16.3.3
therefore, relatively heavy and bulky.

The theoretical computations concerning range,
receiver sensitivity, and electrode resistance were
confirmed by all of the experimental data using many
different kinds of models. Thus, the theoretical basis
of the UWT was found to be a dependable one.

UWT Model L-201

Thix model was 4 first trial at tho'prbhk\m of de-
signing something that might be used by a swimmer.
It was a complete receiver weighing about 2 1.

UWT Model C-206

This model was an unsuccessful attempt to de-
velop a pulse-genera‘or to send out damped pulses
having a natural frequency of about 1,000 ¢, and a
duration of a few cycles. The signal could be heard at
200 vd, but could not be heard at 400 yd and work on
this approach to the problem was therefore discon-
tinued.

16.3.4

v e es v emm— e = v e .

. 16.3 EXPERIMENTAL MODELS OF

: THE UWT
' Farly models of the UWT are described very
briefly in the tollowing paragraphs. Following these
brief descriptions there is a more detailed discussion
of some of the later models, including the models
which were installed in the Sleeping Beauty.

- 16.2. UWT Model C-301
16.3.1 UWT Models C-101 and C-102

! Model C-301 wus a transmitter of 20 w output de-
. Model C-101 consisted of three 6SJ7 tubes which  signed for minimum weight which was about 30 1b.
: were resistance coupled and werc tuned by a 1, All of the models mentioned above were built to in-
. cvele inverse-feedback network. For transmission, vestigate experimentally the theoretical predictions
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102 SHORT-RANGE COMMUNICATION
presented in Section 16.2 and to test the practicabil-  Office of Field Service to demonstrate this equipment
ity of the idea of using the UW'T for short-range com-  and other deviees.
munieation. From these two points of view, the ex-
periments were entively sueeessful although further
models had to be designed for specifie applications.
Thev are desertbed in Seetion 16,4,
16.+  LATER MODELS OF THE UWT
16.1.1 UWT Model C-105
This was & transceiver for code signals having a
frequency of 2,500 c. ts range was 800 yd; its weight
was 3 1b; and the life for continuous operation wis
15 hir. The power output was approximately 0.1 w,
the apparatus was waterproofed and tropicalized,
and the standard R-3CU earphone was n=ed as the
receiver, The complete outfit with the cables coiled s
on a reel is shown in Figure 1. At the left end of this :::.::
P ]
R
Y
":I‘;‘_::;
RN .4
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)
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Fiorre 2. The controd pancl of Model C-105 UWT. ‘
Frovre 1. Maodel C-105 UW'T. 16.4.2 UWT Model C-300
picture some braided tubing can be seen. This was After the firsy speech transeeiver, Model C-400,
stretehed over rubber tubing, and acted as the elee-  was constructed, Model C-500 was built-for the pur-
trodes for the introduction of currents into the water.  pose of providing a praeticable unit, which could
tach electrode was connected to the et by means of  be used underwater by a swimmer or diver equipped
60 ft of cable. Thus the maximum electrode separa-  with breathing mask and microphone, and which
tion was 120 ft, for which the range was 800 yd; for could, if nocessary, withstand pressures e.rrespond-
a separation of 60 ft, the range was 500 yd; for 30 ft, ing to depths as great as 80 ft. The apparatus was
310 yd; and for 10 ft, 140 yd. The control panel, as  waterproofed by assembling the major items into
shown in Figure 2, consisted of a send-receive switeh, heavy metal containers sealed by rubber gaskats.
a key, and an on-off switch and volume control. The Two of these sets were designed for installation in the
wiring diagram of this apparatus is shown in Figure 3. Slecping Beauty. Two others were portable models to
Note that there are two 185 tubes and one 184 tube.  be used for tests on auxilliary surface eraft and they "
The transformers which were used to couple the were not waterproofed. The effective rarge for the O
transmitter to the water and to couple the water to  reception and transmission of these devices was
the receiver were specially designed and wound on 250 yd when the electrodes were separated hy a dis- W
hypersil cores. This deviee was designed specifically  tance of 25 ft. .t;'
to be taken to the Pacific theater by a representative When the apparatus was installed in the Sleeping .
of the developing contractor who was assigned to the  Beauty, one electrode was inserted near the bow and :
is)
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SHORT-RANGE COMMUNICATION
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PORTABLE MODEL :
T-45 MICROPHONE > -
R-30U EARPHONE @ sl 2 >
& of = b} -
S8 MODEL }\ ) -+ - .
Naoet ; .
e 1O Gb@ OO 6 06 o (PO
BRUSH- 8 EARPHONE

BATTERV CABLE

TE
IN THE PORTABLE MODEL THE CONNECTICN ATO
IS BROKEN AN(} THE .Olutf CONDENSER aND 1 MEG
RESISTOR OMITTED. POINT
TO THE EARPMONES

IS CONNECTED
FIGURE 5.

the other electrode was Leld out from the stern by
means of a Aexible pole. The batteries and electronie
equipment were installed within the craft. The elec-
tronic apparatus mounted within the submarine was
enclosed in two cases, one for batteries, and the other
for tubes and other cemporients. These are shown in
Figure 4. The cireuit diagram of Model (-500 UWT
ix shown in Figure 5. The complete equipment, which
was submersible, is shown in Figure 6. Note the
waterproofed switch for changing from “transmit’”’ to
“receive’” and the waterproofed “trphone, both next
to the mask.

v
SWITCH BOX CABLE

ELECTRODE MICROPHONE ~ EARPHONE
CABLE CABLE

Circuit dingram of Model (-300 UWT.

50 yd and a threat microphone was found to be

- preferabie to a lip microphone. The waterproofed
-parphone was placed on the outside of the diving suit

helmet, and performed satisfactorily. With the oper-
ators separated by 250 yd, one on each side of a small
island about 50 by 400 yd, communication was satis-
factory, although it is probable that no greater range
could have been used.

One apparatus was installed in the Sleeping
Beauty, one electrode heing the propeller while the
other electrode was a silver plated brass tube 114 in.
in diameter, 234 ft long, trailing at a distance of
100 ft on an insulated cable. An identical set was in-

T E

LR
e

'.‘ )
AR NN S

o

i

-
etatatetaald

SRR

=,

DPES W

K
‘\
n'\

HAE

AT T

'-t‘l'l'l
R A
AP PR

1.k

2,
]
-

e
©
L

W

?

Vv
el

l~(
vy

A
>r

inell
2,

1.5

;
N ) . . stalled aboard an Army rescue hoat [ARB] with -i\-ﬁ.
. 16.5 TESTS OF THE UWT electrodes off the bow and stern having a total sepa- [:.Ti;
* Demonstrations of (-105 were carried out in the ration of about 75 ft. With the ARRB stationary, the ol
.’t Pacific arca (see Section 15.3) and, in addition to the Slecping Beauty was operated on the surface in a -‘;.-‘
) tests at Cape May of the early models of the UWT,  circle with the ARB in the center at a radius of about VY
1 two test programs were undertaken at St. Peters- 150 yd. Null points were observed when the Sleeping ;_'_2
? burg, Florida, under the auspices of OSS, and the Beauty and its electrodes were perpendicular to a line :_:..:
.'\. Navy.? At the latter site, two portable battery units, formed by the electrodes of the ARB. This is in ac- .}.';:
.' attuchod to the backs of swimmers equipped with  cord with theoretieal predictions. The range test was :.;j'.,-
:5 diving suits, operated satisfactorily at a distance of carried out with the Sleeping Beauty running on the i-::.r'\"
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TESTS OF THE UWT 103

Fiavre 6, Complete equipment of Model C-300 UWT.

“surface direetly astern the ARB. Thus, the electrodes

were all in the same line which ix the condition for
maximum range. The signals were still satisfaetory at
a distance nf 600 yd, and it wa= not desired that this
range Le extended for security o
the surface was good only when the Sleeping Bes wity
was stopped or running at slow speeds, apparently
owing to the acoustic noise of the splash of water at
high speeds. When the craft was subnierged at depths
up to 14 ft, reception was good no matter what the
speed, It was noted during these tests that interfer-
enee was produeed by the ignition svstem of a JR
Navy eraft whe 1 it was within 20 yd of the receiver
and also that the receiver on the ARB becanme in-
operable when the motor of a motion picture camera
was less than 30 ft from the ARB. However the inter-
ference of the electrie motor of the Sleeping Beauty
was negligible throughout these tests.

Suggestions for medifications of the equipment

asons. Reception.at

with other facilities in the craft. Some of these modi-
fications of the UWT were made, and subsequent
tests were arranged as deseribed below.® The chief
purpese of these tests was to investigate the useful-

‘ness of the bow electrade fitted over the eraft and the

rear electrode consisting of 2 ft of tinned copper braid
mounted on a rubber tube trailing about 10 ft astern.
The switchbox with all the controls was mounted on
the steering column of the Sleeping Beauty. The
second UWT was set up in a flat-hottom wooden
boat with electrodes about 33 ft apart; this spacing

_ being approximately equal to the electrode spacing of

the Sleeping Beauty installation described above., A
range of about 200 yd was attained throughout the
tests, and mechanically, the new eleetrode system

appeared to be satisfactory. These tests also showed

that a sensitive carphone was required for satisfae-
tory communication up to 250 yd, but that the limit

e was about 200 yd lf.\'ing a bone conduction receivert.,
- based on these tests included the proposal that the  The demonstrations of the UWT in the Scuthwest
L ] transceiver and power supplies be placed in a single  Pacifie aren confirmed the range prediction, and, in
-‘: container, when used by a swimmer, and that the  general, the apparatus performed as expected. How-
by electrodes be in the form of cuffs, one on each wrist.  ever, no speeific uses for the UWT were suggested in
\ Suggestions were also made to relocate the equipment  that urea, the observers desiring u longer range. They
"'-.: used in the Sleeping Beauty to avoid interference  were quite concerned also about the necessity for a
.‘:I
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v,
shore operator’s exposing himseif along 100 ft of out any precise designations of probable uses of the '::_;'
shoreline to place electrodes in the water. apparatus except for the Sleeping Beauty. The ex- "
perimental results confirmed the theoretical predic- R
CONCLUS tions and it is to be assumed that further experi- P
16.6 CONCLUSION mental investigations might lead to the production of —
It cannot be overemphasized that this development more satisfactory transceivers of relatively sharply ‘:
was carried out quickly near the end of the war with-  defined, and short, range. :_',-_"f
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Chapter 17

A COMPACT MICROWAVE TRANSMITTER AND RECEIVER AND
MISCELLANEOUS COMMUNICATING DEVICES

17.1 INTRODUCTION (MWT)

It was the purpose of this development to con-
struet and test o low-power microwave transmitter
and receiver ! for short-range, line-of-sight, two-way
communication by voice or code, having a range of
approximately one-half mile and usable as a relay.
As developed, it could be set up on a tripod or could
be held in the hand and used as a long-range mega-
phone, This microwave transmitter-receiver is ab-
breviated MWT in the following. In it, the 723 A'B
klvstron eperated at approximately 9,400 megacyeles
as an oseillator and 2 erystal detector was used for
reception,

172 TRANSMITTING AND RECEIVING
CIRCUITS (MWT)

Ax the repeller voltage of the klystron was varied,
different modes of oscillation were produced. Thus,
for example, as the repeller voltage was changed from
90 v to 110 v, the power output increased to a maxi-
murn for a repeller voltage of about 99 v and then de-
creased again to zero. When the repeller voltage was
adjusted approximately to the midpoint of one side of
such o mode (i this ease to about 106 v), the modu-
lation could be applied to the circuit and a modulated
9,400-me signul was thereby produced. This was es-
sentially amplitude modulation, although there was
a small pereentage of chuoge in frequency. For code
transmission, the modulating signal was an audio-

173 TWO MODELS OF THE MWT

Model F-101 receiver and Model F-201 transmitter
were initially constructed to test code operation, but,
later the transmitter was modified to permit modu-
lation by voice, and a second receiver was built for
voice reception. The transmitter produced a beam of
about 20 degrees, a power output of 10 mw, and a
range of approximately 14 mile using the modified
F-101" receiver. The weight of the equipment was
17 Ih. :

A subsequent model of the MWT, designared
Model F3, was a transmitter and receiver arranged
to be packed for ease in carrying and mounting.
There were three carrying cases. One contained the
control unit and was 11 x 714 x 614 in.; its weight
wax 10 1b; its power output was 10 mw. The second

_case weighed 34 Ib and contained the batteries, the

life of which was at least 15 operating hours. The
third ease contained. the tripod and weighed 12 1b.
Thus, the total weight was 56 1b. This device could
be used as a transceiver for modulated code or for
voice, and it could also be used as a relay station.
The range for voice was about 14 mile, and as a relay
'staticit, the maximum safe range was !y mile. The
apparatus, mounted on a tripod, is shown in Fig-
ure 1. Note that the receiving parabola is mounted
on top of the control box while the transmitting horn
is within the control box. The microammeter on the
face of the panel is for the adjustment of the repeller
voltage as deseribed above. Figure 2 shows the horn

o . removed from one end of the case, and the modulator
NG frequency oseillator, .
. . . . and receiver removed from the other end of the case.
- The radiating system consisted of a rectangular . - - .
- - oo . The circuit diagram of the Model F3 is shown in
N horn. The receiving system comprised a half-wave- \
- . . Figure 3.
a length antenna mounted in a parabolic reflector, and .
@ connected by means of a coaxial line to a crystal de- g .
:{-‘: tector, Its output was fed to a two-stage audio-fre- 171 TESTS OF THE MWT
:—_\ quency amplifier having a gain of about 8,000. As indicated above, relay operation over !y mile,
. .&: In order to adjust the repeller voltage for operation  telephone communication over 14 mile, and a range
N at the correet point on a mode ax deseribed above, the  for code of 114 miles were conservative ratings for
:‘?‘; monitor erystal was mounted in the horn and con-  the Model ¥3 of the MWT. This was shown by re-
Q. nected to a microammeter. The repeller voltage was  peated testsin the vicinity of Philadelphia. However,
. adjusted until maximum reading was obtained on the  at a field test conducted in July 1945 near Washing-
V.- . . . . .
oo microammeter and the voltage was then adjusted un-  ton, D. C., a range of only 0.4 mile was achieved over
O til the microammeter reading was one-half the peak  an open field. It is believed that this slightly shorter
. .
- value. range may have been caused by vegetation at a
».o-
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o
-_',.’h
. . . >y
height of 114 to 2 ft which decreased the effective t"-,:(:'
height of ezch unit. t ':»-'
N
17.5 CONCLUSION (MWT) rq
The klystron used in this apparatus was not de- i
3 . - . « ‘f
signed for battery operation and a tube designed for N
this specific purpose would be better. It is quite pos- .:'_--.f,“.
sible also that considerably higher frequencies could :. ‘ﬁ
he effectively used for short-range devices of this LGS S|
kind and that the weight and volume of the equip- b
ment could be redriced by using KM cells and multi- ,‘-:_.:-‘_
pie hoin units. The possibilities of the system were '_':'_-".:-
not fully explored. L'-E\I
L
‘ - ;-::-ri
17.6 MISCELLANEOUS COMMUNICAT- Sl
ING DEVICES — INTRODUCTION B '%
The following paragraphs comprise brief descrip- L.-;_.'j
tions of several devices produced by the division’s wiad
coatractor in addilion io the devices described in L'{'" :.'
Chapters 15, 16, and the first part of Chapter 17 of ks

this volume. The equipment desecribed briefly below
is discussed in more detail in a single volume ? and
represents either branch roads from the main line of
attack on the problem of short-range communication,
or measuring equipment required in the course of
this investigation.

17.6.1  Short-Distance Signaling
by Means of X Rays
and Gamma Rays

A portable Geiger-Muller counter was constructed
in order to determine its usefulness as a receiver of
signals from radium and from X rays. The device
consisted of a box 414 x 5 x 114 in. with a eylindri-
cal extension 73§ in. long and 114 in. in diameter; a
battery, a vibrator, and vacuum tubes were mounted
within the box, and a counter tube was mounted in
the cylinder. The weight of the unit was 27 oz. Sig-
nals were heard in earphones connected to the device.

The background counting rate was about 25 counts \.9: P
per min but this rate was caused to double (50 counts ::.‘:-:
per min) by gamma rays from radium or X rays at 3,::::-‘

the following ranges: for 0.6 mg of radium, the range
was 30 ft; for denta! X-ray apparatus operating at
60 kvp 5 ma, the range was 500 ft. Since the trans-
mitting apparatus was expensive, dangerous, and, in
the case of X rays, heavy, this method of short-range
Fiovre 1. Rear view of MWT, mounted on tripod. communication was not investigated further.
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MISCELLANEOUS COMMUNICATING DEVICES 109

\

Fravre 2. Partiaily disassembied view of MWT showing (feft) the horn unit, (center) the ease, and (right) the modulators
(single tube) ehassis, veeciver (3-tubw) chassis, and plug chiassis,

17.6.2  An Ultrasonic Whistle and
Other Acoustic Devices

An ultrasonic whistle of the Galton type was con-
strueted of metal, and subsequent models were made
of lucite. Fixed-frequency whistles from 15 ke per see
to 36 ke per soe were built. The power output varied
from 50 to 100 mw, and the cfficiencies were between
2Y4 and 5 per cent when blown by an operator with
normal healthy lungs and chest. Signals from such
whisiles could be heard with a suitable mierophone
(see Seetion 17.9), a small receiver using microtubes,
and an earphone. The receiving cquipment would
weigh about 2 1b.

A generator of audio frequencies called the hootor
was investigated in conjunetion with a study of can-
ister locators (see Chapter 18). Figure 4 shows two
models of the ultrasonic whistle and two models of
the hooter. The hooters could not be blown effec-
tively by mouth since they operated only at very
high pressures. The hooter was also used as a souree
of underwater sound at frequencies of about 3,000 ¢

and tests indieated that it might be possible to con- -

struet a deviee of this kind which would have a range
of about one mile.

17.6.3 Condenser-Microphone for
Ultrasonic Measurements

In order to investigate the acoustic and ultra-
sonic sources deseribed, it was necessary to set up
aeotstic measuring deviees, In the course of this
work, a condenser-inicrophone was designed, con-
strueted, and tested. The complete device with a
mounting cylinder containing a pre-amplifier is
shown in Figure 5.

17.6.1 Free-Field Room for

H F Measurements

In order to earry out the tests deseribed in the
above paragraphs, and ‘o calibrate the microphone
deseribed above, & .mall room was designed and
built to have free-field characteristies at frequencies
above 500 e. This room was 814 x9x 11 ft and was
lined throughout with blankets of glass wool folded
into herringhone pattern (Figure 6). 1t was found
that the inverse square law at frequencies above
2,000 ¢ held for 9 ft along the dingonal of the room.
Thus, for frequencies above 500 ¢, a quite small and
inexpensive free-field room could be constructed.,
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In this part of the Summary Technical Report of
Division 19 is gathered together a miscellaneous
group of devices which have been called field acces-
sories because they would be of value to specialty
groups operating on special missions but, would not
by their absence, prejudice the success of such groups.
It was the opinion of personnel in Division 19 that,
by the use of the developed equipment described in
the following chapters, operations would in a limited
way have been made easier.

Probably the device described which would have
the greatest usefulness to the largest number would
be the military adhesive given in Chapter 19. By this
development, a means was provided demolition
crews for the rapid and secure affixing of explosive
charges to targets, regardless of the surface condi-
tions of those targets.

Of interest to the Airborne Command was the
equipment described in Chapter 18 which would per-
mit the more rapid and certain location of supplies
dropped by air in difficult country. Chapter 21 should
also interest airborne personnel, especially those em-
barking on individual missions designed to gather
intelligence and elude detection.

lmw‘! atald BB ] ALt RASTEN 2

PART IV
FIELD ACCESSORIES

In Chapter 23, dealing with the quieting of out-
board motors, reference is made to work which suc-
cessfully reduced the sound level of standardly issued
motors by a percentage sufficient to allow the secret
use of eraft propelled by these motors close to enemy
observation. For individuals, who might make land-
ings by these means, a compact and reliable water
purifier capable of one month’s eperation under the
wonrst field conditions is described in Chapter 22,

Finally, in Chapter 20 are listed a number of simple
but certain ways in which an Intelligence officer,
operating clandestinely in enemy territory, could
rapidly dispose of confidential documents which
should not be allowed to fall into enemy hands.

The whole group of devices is therefore, somewhat
tied together and is probably even more specialized
than the developments deseribed in other parts of the
STR. The groups in the Services to whom these de-
vices should be of interest would include the Corps

of Engineers, thie Airborne Command, the Army

Ground Forces, Army Intelligence, and the Surgeon
General’s Office, as wel! as comparable Bureaus in
the Navy.
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Chapter 18
PARACHUTE LOCATING DEVICES

INTRODUCTION ?

The supply of ground troops, by the dropping of
stores from aircraft, became a familiar operation in
Worid War II. During the tremendous movements
in Western Europe, this dropping was on such a seale
that it could be conducted en masse in the daytime
with good percentage of recovery of supplies. Such
was, however, not the case in isolated operations of a
very small nature. Numerons field reports were.read
from time to timewhich showed that smali parties on
scouting or reconnaissance work became detached
from their main source of supply and required sup-
port by aerial dropping .of stores. Similar supply to
aircraft forced down in unapproachable regions was
a problem.

Since these operations generaily were conducted
close to enemy lines by small groups whe would be
vulnerable to attack, dropping was preferably done
at night when enemy detection would be at a mini-
mum. This posed the problem of supplying the re-
ception group on the ground with simple means for
the location of the parachute and its accompanying
load. Darkness was a severe handicap but was not
less serious than difficulties of terrain, vegetation,
and the inevitable wide dispersal of containers which
resulted even in the most careful supply operation.
For example, under fav orable circumstsnces a sup-
plying aircraft dropping Doth metal containers and
bundles at stalling speed (130 to 140 mph) at heights
of about 400 ft produced a total spread among 18 con-
tainers of somewhere between 40 and 120 yd. If this

18.1
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_device b&sed on this hypothesis and utnhzmg the .
sounds of a special whistle.

18.2 BASES FOR DESIGN'!

Theoretically a great many physical phenomena

could be used for a parachute locating devite. Among -
the less likely would be odors, smoke, phosphorescer.t -
paint, fluorescent chemical reactions, and so forth. -
The more likely would include various methods af _

radio detection, supersonic signaling, infrared or
visible light, and audible signaling. All of these were
evaluated before a choice was made.

Radio was considered to-have a number of impor-
tant advantages, such as control of the frequency of
transmission, security from the enemy, and inde-
pendency of the type of terrain. However, it would he
difficult to fimit a radio transmitter to a short range,
anc the problem of designing a cheap, etpondahle,
and robust apparatus seemed difficult. Presumably a
spark generator would have been more sturdy than
a vacuum tube oscillator, but the advantage of se-
curity would have been lost by the large spectrum
emitted. Signaling by means of the electromagnetic
induction field (lE’F see Chapter 15) has already
been noted as a possible solution to the problem.

bupersomc signaling would be.ideal, if the receiving

apparatus were not of great complexity. Unfortu-
nately, attempts to utilize this system appeared un-
promising eqpomally hecause of the line of sight
limitation. ~

- good performance were even equaled under adverse Visible signals were already in use.* They were,
e field conditions, including darkness, thick jungle foli- however, visible at night at very great distances with
*;{: age, and rough terrain, it is easy to sce that many in-  loss of 'fecu.rity and were, of course, very unsatis-
P:{ valuable containers would have been lost. factory in high grass, or underbrus.h.‘ Moremfcr, .&ll
;"i The problem was certainly an urgent one, but it the methods mentioned above requited batteries, in-
S was considerably complicated by the feeling among  troducing the problem of functioning after exposure ‘
o the putential users that no aid to location should be  to the very low temperatures encountered in aircraft
:-:: used which would alert the enemy. This would re- operation. .
N quire that those on the ground be equipped with There remained radioactive emmanation, which
:-:: some manner of receiving or detecting apparatus un- was quickly shown to be impractical on economic and
;—4 available to the enemy, and, in view of the fact that medical grounds, and audible signaling. The latter
...3 the groups to be supplied might not always be pre- was chosen, since it required no additional receiving
-';.) pared for such supply, it seemed logical to division apparatus beyond the human ear. It could be simply
:»,')‘ personnel that this requirement should be altered to  produced without the use of batteries or complicated
- allow use of the senses, but to place safety in a non- electric systems in a sturdy form capable of very
Y suspicious type of signal. This chapter describes a rough handiing and could be selected in frequency so
e,
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as to be rapidly attenuated beyond the desired dis- Two designs were built and a number of prototype Eﬁ'ﬁ ::f.‘

tance of operation. The nature of the sound could models. In one design (the so-called Kidde Model) .,f_::{-,:

also be selected to pass unnoticed, unless the hearer  the gas was stored in the high pressure tank at 1,800 NOR Oy

were listening carefully for the particular tone. This b per sq in. and by a valve system released to the "“':"
seemed to eliminate bells ¥ from consideration, and  lower tank, building up a pressure there of about i

the work of the division was therefore directed toward
the development of a gas-blown whistle.

18.3 WHISTLE MODEL'

18.3.1 Choice of Frequency

From the point of view of security, the choice of
pitch should be such that the attention of the enemy
would not be greatly attracted. This indicated a fre-
quency about 1,000 eyeles, sinee this was likely to be
masked by loeal noises such as those produced by
mechanized equipment or jungle animals. On the
other hand, the attenuation of sound in air increases
by the inverse square law as the frequency is in-
ereased. This led to the belief that any frequency be-
tween 2,500 and 1,000 eyeles would be satisfactory
and to the ultimate choice of 3,000 ¢ in a pure tone.
It was felt that the latter would be easily detected by
those who were listening for the sound, but likely to
escape the attention of unsuspecting personnel,

Choice of Whistle

After the construction of several different models
based on different principles already revealed in the
published =cientific literature, a verv simple whistle
was accepted as best for the purpose. This resembled
the large steam-operated whisties used on boats. Air
was ejected from an annular orifice toward a resonant
cvlinder placed a short distance away. The efficiency
of this design was good, the tonc emitted relatively
free from harmonies, and the mechanical tolerances
involved in mass production easily met.

18.3.2

Gas Supply

The above whistle required for good operation a
supply of compressed gas at a pressure of about 25 Ib
per sq in. Simple connection of the whistle to a stor-
age tank of gas at this pressure would have been suit-
able, except for the tremendous volume of gas which
would have been required to give any reasonable op-
erating life. It therefore appeared necessary to pro-
vide a two-stage gus supply with a reservoir of gas
under very high pressure continually supplying a
larger reservoir of gas maintained at the proper oper-
ating pressure.

18.3.3

RESTRICTED
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25 1b per sq tn. In the second design (the so-called
Mine Safety Appliance Model) the original high
pressure eylinder had gas compressed at about 500 1b
per s in. and operated when the low pressure tank
reached 15 Ib per sq in. Schematic drawings of these
two designs constitute Figure 1.

STORAGE TANK

BALL CHECK FLOW  AUXILIARY
FILLING VALVE  VALVE  YOLUME
N .
| j WHISTLE
e smed
A PRESSURE REGULATOR 8 Loursing
RELEASE MECHANISM VALYE
AUXILIARY
STORAGE TANK  PRESSURE VOLUME.
REGULATOR *y WHISTLE
yd
FILLING 8 RELEASE  FLOW VALVE PULSING
VALVE 8 LIMITED  VALVE
TIME DELAY
B VALVE

Frouue 1. Schematie dingrams: Kidde and Mine '
Safety Applinnce Models.

18.3.4 Intermittent Operation

Preliminary tests indicated that a listener could
more accurately determine the direction of an oper-
ating whistle, if the operation were intermittent
rather than continuous. It was found also that this
type of sound was less likely to arouse suspicion.
Moreover, an intermittent signal would require less
energy for operation and, hence, give a longer time
of service. Therefore the device was designed to give
intermittent whistling with the average blast close to
2 see in duration and the intervening silent periods
between 4 and 10 sec.

18.3.5 Alternative Designs

Reference to Figure 1 indicates the schematic de-
sign for the Kidde Model, which was the device put
into semi-production and later into somewhat larger
production by OSS. Figure 2 is an external view of
one of these models.
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Fiorre 2. Canister loeator — Kidde Model.

In this model gas stored in the pressure tank at
1,800 Ib per sq in. was released when an external cord
was pulled, opening a ball check valve, The released
gas flowed into a regulated pressure chamber against
a regulator diaphengm which was adjusted to main-

tain a pressure of approximately 50 1D per S in. After
R d 1

leaving this step-down chamber, ‘the gas flowed
through a small leak into a l-quart volume (the so-
-alled low pressure chamber) and there built up the

pressure to about 25 1b per sq in. For the first oper-,

ation this required a period of about 20 see, which
was considered sufficient for the parachute and its
load to have reached the ground. Thus operation of
the whistle began only after the deviees had landed,
aithough it was initinted by the pulling of the external
cord when the package left the plane. When the low
pressure chamber reached the necessary value, a dia-
phragm valve opened and allowed the gas to flow into
the whistle, which was attached to it by a short piece
of rubber tubing. The ga- flow into the whistle was
more rapid than that into the chamber, and hence
the pressure decreased to about 22 1b per = in., when
the valve reseated and the whistle was shut off, At
this instant, the pressure began to build up again and
the cyele repeated itself. Once located by a receiver,

the device could be stopped immediately by removal
of the rubber connecting line between the low pres-
sure tank and the whistle.

The so-called Mine Safety Appliance Model * had
an adjustable flow valve replacing the fixed leak into

the low pressure chamber. In this way, the period be-

tween signals could be controlled. In addition, there
was a delay valve which in combination was the dia-
phragm assembly allowed for an independently ad-
justable initiation time delay. This feature answered
criticism from the Services that the initial 20-see
period was too brief. The remainder of the operation
was essentially the same as described above.

Both devices were capable of being recharged from
a eylinder of compressed gas but were considered by
the designers to be expendable items which would
have justified their cost by locating the unavailable
loads they accompanied. It appeared likely that the
second design would be somewhat cheaper in mass
production because of less expensive valving. On the
other hand; the second design illustrated in Figure 3
was of a less convenient shape because of the neces-
sity of having the high pressure eylinder in the form
of a doughnnt. The Kidde Model measured 1234 x
534 x 314 in. and weighed approximately 7 1.

Frevre 3. Canister locator — Mine Safety Applinnce
Moadel.

18.4 PERFORMANCE? +#

Only the Kidde Model was eatensively tested,
from which it appeared to be extremely robust and
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118 PARACHUTE LOCATING DEVICES

reliable in its operation, being affected adversely only
by very low temperature. This defeet was a function
of the valve seats, which when made of lead gave
severe pressure losses during cold storage. The diffi-
culty was nearly entirely correeted when these were
replaced by rubber. Typical performance data are
given in Table 1.* This performance was affected by

Tasre 1. Tyvpical performance data on Kidde Model.

Initial Total
Chamber  delay ~ Blast Silent functioning
pressure  period period period time
1600 psi | 27sece | 1.9 see l 10.2 see i 28 min
1980 psi | 31 see ' 2.0 sec 9.7 see | 26 min
1850 psi | 11 see 2.7 see r 10.4 see | 28 min

exposure to high temperatures (120 F) to give a much
shorter initiation delay period (4 sec) and an in-
creased total functioning time (35 min).

The range at which detection of the locating deviee
was assured was greatly affected by the terrain, the
ambient noise level, and the wind direction. In a com-
parative test of this device with bell and light de-
vices, it appeared to be largely a matter of personal
preference which type seemed most secure. There
was no doubt that the range of the whistling device
was considerably greater, thus bell devices gave a
range of 100 to 200 yd, lights gave an identical range,
and whistles a range of 400 to 700 vd under the same
conditions.> The above figures were obtzined on &
quiet day. On windy days, the effective range was
often decreased to less than 300 vd, and it appeared
as expeeted that this was further affected by the pres-
ence of external noises and by the type of terrain and
vegetation. If the latter, in an individual operation,
were not important because of fortunate circum-
stances, then undoubtedly lights would be more ef-
feetive for locating devices, but, in general, where no
control was possible over the choice of loeale, lights
seemed much inferior, since they were easily masked
by accident, The manner in which a whistle locator
wotld be used is shown in Figure 4.

When used in this way, the whistle in actual tests
out-performed comparable light deviees and failed to

function only in the rare instances where the bundle
lay over the locator, muzzling it.

In summation, it may be said that a choice be-
tween individual locators appeared to be entirely a
subjective matter. To those in Division 19 conneeted
with thue work, the whistle device secmed preferable
to either the bell deviee used by ceriain British groups
or light device used by the Airborne Command. A
really conclusive comparative test of the three was
never undertaken. The value of some such locator
was, however, apparent. ' .

Frovre 4. Capister loeator attached to  Airborne
Command bundle.
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Chapter 19
MILITARY ADHESIVES

19.1 INTRODUCTION

The standard demolition kits used by Army
Ground Forces and Corps of Engineer squads con-
tained equipment by which sappers could -affix their
charges to selected targets. The means employed
were, in general,improvisations featuring particularly
tape, wire, and wooden props, by which intimate con-
tact between the charge and the target was hoped for
but not always secured. The dcmolitions contem-
plated were performed on a great variety of surfaces
such as steel, dressed or rough wood, machinery, and
concrete, and the operations against these surfaces
took place both during actual combat and behind the
lines, so that the initiation of the explosive charges
was frequently accomplished by either time delay

Pencils, (see Chapter 9) or by electrical blasting caps. -

For all such operations, there was a field réquirement
for an adhesive material, which, in the ideal case,
could be smeared on the surface of the explosive
charge and would affix that charge to the target foran
indefinite period regardless of the condition of the
target’s surface. This meant the development of an
adhesive retaining its properties over an extreme
temnperature range of 0 to 140 F and on ali the above
surfaces when dry, wet, oily, or dirty.

At the suggestion of O3S and the Rritish iiaison
officers assigned to it, Divizion 19 was -engaged iu
this development when liaison was established with
the Corps of Engineers and later with the Army
Ground Forces. The outcome of the cooperative
effort was the development of two different materi-
als, RD-43-141 and RD-14-41, differing slightly from
each other in their behavior toward water but essen-
tially meeting the above-described field requirements.
Procurement of the former of these was undertaken
by the Engineers in quantity. The product thereby
obtained was superior to competing British develop-
ments and vastly superior to a similar composition
issued by the German army.

19.2 THEORETICAL CONSIDERATIONS'!

Following tests on 25 different types of commer-
cially available adhesives, the division’s contractor

ties: tack, yield value, and workability. Tack was de-
fined as pull resistance and involved liquid flow or
viscosity. Yield value was defined as the resistance
which the coraposition offered to flow when subjected
to & given str-ss. (This was generally applied in shear,
rather than -ension, because the former was a more
difficult condition.) Workability was an estimate of
the plasticity of the material and its handling proper-
ties under a variety of temperature conditions. Most
of the commercial materials failed in their perform-
ance because these three properties were not properly
balanced. The theory ean be illustrated by Figure 1.

RATE OF fFLOW

|
I
i
i
] Yy s

STRESS

Ficure 1. Theoretical behavior of adhesives under

applied stress. )

Curves A and B in the above diagra:n represent
pure liquids, true solutions, or dilute guspensions,
wheve the particles are loosely related to'sdch other
and there is no intcrlocking or overcrowding. Such
materials, regardless of their tack, would not support
any load in shear because an irfinitesimally small
lead would start their flow. In other words, their
yield value would be zero. The viscosity of material
B, however, would be greater than that of material 4,
since a greater stress would be required to produce
the same rate of flow (¥ vs z).-Curves C and D repre-
sent materials which have a positive yield value. This
is presumed to be because of an interlocking arrange-
ment of che molecules or particles which must be
overcome before the material will flow. Curves C and
D would be true theoretical examples of this type.
Both materials C and D have the same yield value
but differ in other respects, C being less viscous than
D and therefore having greater workebility, D on the
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arrived at compositions made up essentially of three other hand, because of its greater viscosity, would .

materials: a base, a filler, and a plasticizer. These resist sudden shock to a greater degree. :»

three were properly compounded to meet the field re- Based on these considerations, and particularly "

quirements by a balance of their rheological proper- with the hope of retaining tack in the presence of K

L
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120 MILITARY ADHESIVES

water. a number of mixtures containing rubber, rosin,
vinyl, alkyd, phenolic, and urea resins were tested.
Of these, only a mixture based on limed rosin or ester
gum retained sufficiently its original tack when tested
under water. This was shown to an enhanced degree
when the gum was plasticized with Flexol Plasticizer

e ACH YLl AN AN AN YA

The latter plasticizer was, mereover, favorable be-
cause of its extremely low vapor pressure, even at
temperatures as high as 200 F. The load-carrying
capacity of mixtures of ester gum and 3GH appeared
to increase with increase in viscosity. This, however,
was limited practicaily by the increasing stifiness and
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3GH. In the interests of workability, this mixture re-  was sensitive to percentage composition; thus vari- »
quired the addition of a filler, and a study of the pus-  ation of the amoeunt of ester gum between 83 and RN
sibilities indicated a preference for asbestos. Thus on 90 per cent caused a change in viseosity from 1,290 -.:".
the basis of theory, a composition likely to meet the to 232,000 KV. At the same time, it was noted that b
field requirement was discovered. viseous liquids witheut fillers would support no load —
for more than a few minutes without gradual yield, :-f_:~
19.3 COMPOSITION RD-43-141! whereas the same mixtures mixed with fillers could o
support loads indefinitely. et
. o« s N
19.3.1 Choice of Plaét.lclzer ' | o2 Choice of Filler i
Study of a number of plasticizers combined with . . ]
rosin was made to determine the variations in vis-  Having shown the necessity for a third component e
cosity with weight proportion, and the variations in - i the mixture, a variety of fillers was studied, chief oy
, viscosity with molecular weight. It was evident from ©f them being carbon black and asbestos floats. The g
o this study that tack was primarily concerned with the ~former in all compositions displayed an isothermal o
N viscosity range and was independent of the groups transformation upon agitution and rest, a plnome- "Zj
L‘ present in the plasticizer, the latter being important 1on known as thixotropy, and thus, althovgh such :
[ only in determining water solubility of the compo- carbon-filled adhesive had excellent workab 'ity, the %
E.{ sition. In Figure 2 the performance of the best of unpredictability of their behavior ruled th: n out of o
Y these plasticizers with both ester gum (A) and rosin further consideration. R
oy (B) is recorded. Asbestos floats, on the other hand appenred well- i
be suited and it remained ouly to determine the opti- :_‘,."
<+ z mum amount to add to the ester gum viasticized ann
F z . mixture. Trials indicated that addition of 3 per cent -
¥ 400 Y T T T of fioats to 57 per cent of the mixture gave = compo- »}
'\ % © sition having satisfactory workability and the maxi- y -,;:;
£ § A mum shear strength (180 grams psi). Alteration of :"ﬂ
- 00 - -1 this mixture by addition to the asbestos of wood flour, v
" § cotton linters, and so forth, produced no 1mprove- N
! ] ment. KL
i.. g 200 - s ] Having come close to the final composition, the E-"
% (S effects of variation in filler concentration and of vari- S
- L3 ¢ ation in ester gum concentration were studied. Thus e
a loo -1 the final optimum composition was arrived at and =l
g was designated as RD-43-141. It was as follows: =
H o . 5 \ 1 30.4 parts of limed rosin (ester gum), 29.2 parts of o
. o 10,000 70000 30000 40,000 BG.H plasticizer, snd 40.4 parts of asbestos floats. ‘:‘.,:'
3 VISCOSITY OF ADNESIVE (NO FILLER PRESENT ) This material was found' to have good w_orkablhty N
from 30 to 125 F and a yield value over this temper- N
Figure 2. Viscosity-adhesion curves. ature range of between 200 and 90 psi on dry steel ';:
Curve C represents concentrations of phenolic surfaces. “.
resin giving a composition too stiff for application. . F‘:
From Figure 2, it was apparent that ester gum 19.3.3 Choice of Base t;:'-:
was preferable to rosin -with the best plasticizer As has already been said, early experiments indi- ‘:t.\;;
found (triethylene glycol di-2-ethylbutyrate =3GH). cated that ester gum was preferable to other mate- :.-'-}
o
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rials. Having found what appeared to be the optimum
composition of this material with plasticizer and
filler, a search was made for other bases which, with
these materials, might perform more satisfactorily.
None was found, and accordingly RD-13-141 was
recommended to the Services as the best material
which could be developed. ‘

19.1 COMPOSITION RD-14-41!

Trials of the composition RD-43-141 gave good re-
sults on most surfaces except wet concrete™® At
Service request a further attempt was made to'im-

prove the adhesive mixture with regard to this point.,

This led to the incorporation of a fourth component,
Bentonite, a silicate mineral having the property of
swelling remarkably with water. It was believed that,
if this material were part of the adhesive composition,
its affinity for water and resultant swelling would
cause the adhesive to penetrate into, the rough con-
crete surface and provide a firm bond. Several com-
positions having added ‘Bentonite were tested with

" gratifving results.

Eventually a mixture known as RI)-H—“ was pre-
pared in which the four components were apparently
at the optimum concentrations as follows: 22.8 parts
of limed rosin, 37.2 parts of 3GH, 21.0 parts of as-
bestos floats, and 30.0 parts of Bentonite. This mix-
ture retained all the properties of RD-43-141 with

regard to workability, tack, and vield value at tem- -
peratures between 40 and 125 F, A saerifice had

therefore been made in the low temperature range at
which the material was suitable for use. On the other
hand, excellent performance on wet targets, particu-
larly with conerete, resulted. A choice between these
properties was made by the Corps of Engineers, OSS,
and the Army Ground Forces in favor of RD-43-141
and procurement of that was undertaken.

19.5 MANUFACTURE!

All the materials used were readily available and
inexpensive. Snecifications for them were given to the
procuring 8ei -ieex, as well as tests which would as-
sure a uniform and satisfactory product. The appara-
tux used for milling and kneading the adhesive was
standard equipment, and the packaging of it in flat
tin cans presented no difficulty. The chief require-
i.ent was that the adhesive strength under controlled
conditions should be, at least, a minimum value and
that the workability on the other hand should also be

satisfactory. A balance had to be maintained between
these two competing qualitics.

19.6  PERFORMANCE

The development work required the use of stand-
ard test conditions, and these were selected as the
ioad supported in shear by a given area of adhesive
adhering to a standardized steel plate at a controlied
temperature.t * Such laboratory procedures, of
course, did not approach field conditions, and the
work of the coniractor was greatly facilitated by fre-
quent and exhaustive trials of this kind performed by
the potential users.> 3% ¢ In these trials, the stand-
ard demolition blocks used by the Engineers, the
British, and the Army Ground Forees were applied
with adhesive to a great variety of targets under
winter and summer conditions, with and without oil,
water, or dirt present.

A summation of these tests was sufficiently con-
vineing to the Services to warrant adoption of the
item. They may be qualitatively summarized as fol-
lows: against all types of dry, clean targets over the
whole temperature range at which the adhesive com-
positions were workable, the application of }g to
14-in. adhesive to a stundard block of explosive would
hold that block in place on a vertieal or inclined sur-
face for an indefinite period {(over 24 hours), Similar
trials against the same surfaces thoroughly soaked
with water gave less satisfactory results; but only in
the ese of wet coicrate was the tose in efficieney sevi-
oux, and thix was rectified by the development of the
composition RD-44-41, On"the same surfaces coated
with oil, results were comparable with those obtained
on dry surfaces, inasmuch as the oil and the plasti-
cized mixture were entircly compatible with each
other. On the same surfaces heavily conted with dust
or dirt, serious failure could be expected, but eould
hardly be laid to the adhesive for while this material
was able to adhere adequately to the divt surfaces, the
latter had no strength of adhesion to the underlying
target. This indicated that, in field usage, it would be
necessary to prepare very dirty surfaces by a prelim-

inary rub. This deficiency was not felt serious and

could he easily overcome by adequate training.

In conelusion, it seems to the writer that, barring
temperature range, a very satisfaetory solution was
produced to a very difficult problem, and it is be-
lieved that the use of these military adhesives would
make the task of demolition erews considerably easier
in the field.
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Chapter 20
AIDS TO INTELLIGENCE

INTRODUCTION

Men on speeial missions either carrving or gather-
ing Intelligence are in danger of interception, with
consequent loss of vital information or revealment to
the enemy of matters of interest to him. Persons en-
gaged in such hazardous undertakings would there-
fore be greatly assisted by devices which would allow
the complete, instantaneous, and certain destruetion
of documents in their possession.

Division 19 at the request of OSS evolved several
developments, which should be of continuing interest
to Intelligence operators. These ranged from a speeial
type of paper, useful for individual sheet destruetion,
to fittings for briefeases and notebooks, where large
quantities of ordinary paper could be very quickly
destroyved by cither incendiary or explosive means.
The latter had particular usefulness in the destrue-
tion of large quantities of heavy paper, a problem
which had always proved difficult, for paper in bulk
is very slowly and imperfectly consumed by fire. In
the sections below these various solutions are dis-
cussed individually.

20.1

20.2 DESTRUCTIBLE PAPER'

It was desired that a paper be developed and pro-
duced which would be suitable for the reception of all
tyvpes of writing on both sides. This included peneil,
pen, end typewriter. The paper should, in addition,
he stable to prolonged exposure to adverse conditions
of humidity and temperature and should be very
rapidly destroyed by mastieation or by maceration in
water. This problem was therefore not met by the
existing Chemical Warfare Service development of a
nitrated paper, although the latter met the above re-
(uirements except in the method of disposition. The
nitrated paper required combustion and was, of
course, nearly instantaneous.

in water, was too sensitive to moisture to he satis-
factory. The division’s contractor chose te attempt
the coating of Yoshino Paper with & composition
which would increase the strength and resistance to
abrasion when dry, and yet would not prevent the
rapid disintegration of the paper base and the coat-
ing on maceration in water. Complete suecess at-
tended this effort and a preferved coating compo-
sition was developed as follows:

Components Ponnds
Polyviny] alcohol (RH—88) 75
Titanox WDL 90
Sorbitol lactate CRL 129 (78.57 ) 64
Water 300
Alcohol (Sh(-ll.u ol) 300
Suecharin USP (insoluble) 0.25

Mixing of this composition in a colloid mill gave a
mixture of the proper consistency on which the paper
base was floated, then wiped lightly over a round
doctor, and carried through a low-temperature dry-
ing oven. The procedure was practically identical
with that used for making glue type mimeograph
stencils. It gave a coating of 23.5 Ib per ream or
78.1 per cent on the finished paper. Exhaustive tests
of these sheets with all types of writing nnder con-
ditions of 100 F and 80 per cent relative humidity
with and without folding end pressing indicated
most satisfactory performance. The ‘ndividual shects
showed no tendency to stickiness, aithough they be-
came somewhat limp. Under extremeiy cold con-i-
tions, no loss of flexibility was observed. It was de-
termined also that the materials employed in the
formula were not toxic when taken by mouth or al-
lowed to be in contact with the skin. Sheets as large
as 8%4 X 6 in. folded excessively into a small size
could not be readily disposed of by chewing; however,
smaller sheets were very quickly and easily masti-
cated beyond the point of legibility.? A small pro-
duction gave no difficulty.
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Two other papers had already been developed :-,;'_'.

which bore on the problem. One of these utilized thin b

3 e

Jupanese tissue paper called Yoshino Paper and the 20.3 PYROFILM t\:_:

other consisted of thin sheets of cast sodium alginate, 20 C iti dU E,;.:,

The first of these was unsuited because of its com-  20:31 ompaosition an se S

plete lack of wear resistance and its suseeptibility to Prior to the entranee of Division 19 into this field, L

humidity. The latter paper was of better quality and  considerable work had been done by British research :..'".

was, in fact, used by British Intelligence officers.  groups on the destruction of documents in despatch e

However, it also lacked good strength properties and, containers. For this purpose, the British had de- ::.::.

because of the extreme solubility of sodium alginate veloped a potassium nitrate quilt used in conjunction S

l '.I J
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MESSENGER POUCH DESTROYER 123

with a charge of thermit. Various size containers
ranging from cigarette boxes to suiteases and cleverly
booby trapped with elaborate switches had been de-
vised.' None of them, however, performed with any
great speed or efficiency, and an alert interceptor

struction of the documents was complete.

The division’s contractor developed an entirely
new incendiary material for this purpose. Thix was
dubbed Pyrofilm and was composed of equal parts,
by weight, of nitrocellulose plastic (celluloid) and
finely divided sodium nitrate of technical grade. It
was demonstrated that standard size batches of this
mixture could be mixed by ordinary machinery to
form a block of material which, after curing and drv-
ing, could be cut into sheets of any thickness be-
tween 30 and 60 mil. The time required to prepare a
250-1b block of the erude plastic was about two hours,
and the curing time about ten days. It was suscepti-
ble to dyeing, like similar plastics. It was remarkably
tough and showed little alteration on exposure to
prolonged temperature and humidity cveles,

Investigation of mixtures emploving chlorates,
perchlorates, and dichromates indicated that none of
them were as satisfactory as the nitrate. Some of their
compositions burned more fiercely with more intense
flame, but did not retain the good stability of Pyro-
film and were harder and more dangerous to mix. It
was found that Pyrofilm could be readily ignited by
the flame of a match and burned steadily, though
feebly, in the open, liberating drops of molten sodium
nitrate. Despite its ready inflammability, it had high
shock resistance and was not detonated by blasting
cap or severe mechanical impact. However, in con-
tact with any organic material such as paper, the
liberated sodium nitrate entered into reaction with a
very intense fire and complete destruction of the or-
ganic material. Evidently the sodium nitrate com-
bined with the carbon of the paper to form sodium
carbonate and completely robbed it of its structure,
leaving no distinguishable ash. .
20.3.2 . Initiation?

In the devices deseribed below, this material was
interleaved with the papers to be destroyed and was
provided with what amounted to an instantaneous
incendiary Pencil (see Chapter 11). This consisted of
a tube containing a striker loaded against a compres-
gion spring directly above a Magnesium Matchhead.
The striker, which was of split construction, was re-
strained by an inserted pin. Removal of this gave

.a T -
PN RENN
:}"f}a‘,,, NN

could very likely extinguish the flames before de- .

[

e
"
%.'.'." (s'A.

~

nearly instantaneous operation of the Magnesium
Matchhead, which immediately fired the adjacent
sheet of Pyrofilm and initiated the device. The vari-
ous parts of this fuze and its operation are clear from
Figure 1.

20.3.3 Incendiary Notebooks®
It was a simple matter to interleave pyrofilm

sheets between the pages of a notebook and to

equip that notebook with the instantaneous incen-
diary Pencil. Two sizes of notebooks were produced;
they are illustrated in Firure 2.

In the assembled form the device was entirely safe,
since the Peneil had a safety strip and required both
a twist and a pull for operation. Tt was found by ex-
periment that for complete and rapid destruction ten
sheets of 16-1b paper should be enclosed by iwo
sheets of 30-mil Pyrofilm of the same areca. Since
Pyrofilm was comparatively rigid, only a mechanical
type of binding was practical for the notebooks, and

the spiral type illustrated in Figure 2 was found to be

very satisfactory.

20.3.4 Incendiary Briefcase

In those cases where larger quantities of loose pa-
per required destruction, a unit package suitable for
insertion in a briefease was developed. This consisted
of an accordinn-type folder iHustrated in Figure 3. It
consisted of five sheets of 60-mil Pyrofilm, each sur-
fam' coated with nitrecellitlosa by dipping in a lac-

quer, bound together to form an expanding compart- .

mented envelope. Experience showed that such a unit
weighing in all 2.67 1b would successfully destroy 68
sheets of ordinary paper of typewriter size weighing
0.61 Ib. The confinement provided by the surround-
ing bricfease was most beneficial, and the time re-
quired for complete consumption of the contents
was less than one minute, both in this case and in the
case of the incendiary notebooks. Whether an alert
interceptor could have arrested the combustion and
recovered the papers was doubted because of the
tendency of Pyrofilm to increase its combustion rate
when smothered by sand or trampled on. Only the
instant application of a large quantity of water would
have arrested the destruction.

20.+ MESSENGER POUCH DESTROYER?®

Prior to the successful development of the devices
based on Pyrofilm, a joint NDRC-CWS develop-
ment of a messenger pouch destroyer took place.
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EXPLOSIVE DOCUMENT CONTAINERS 135

Figure 2. Pyrofilm notebooks.

This was known to OSS at the time when further
work on the problem was requested, and it was felt
by their officers thut the Messenger Pouch Destroyer
was too uncertain and slow in its action and too

" easily interfered with by an aggressive observer.

hdrl\ designs of this unit were submitted by the con-
tractor to the Chemicai Warfare Service. Each of
them was based on u celluloid case filled with an in-
cendiary charge of two briquettes of fast-burning
pyrotechnic (10 parts paraffin, 89 parts potassium
perchlorate, and 1 part powdered charcoal). An ex-
plosive element was also provided with a delay train
built into an insulated block cut to fit one side of the
case.

Initiation was obtained by the use of a standard
M-2 fuze lighter cemented to the outer side of the
case. The unit was placed inside of the despatch
pouch in contact with documents interleaved with
nitrated paper and initiated by a pull on the fuze
lighter. Following a delay of 5 see the pyrotechnie
hurned briskly for about 45 see and the conflagration
of the pouch proceeded vigorously for another 2 min.
As it began to die down, a violent explosion occurred
seattering all traces of the charred documents.

This device would be useful for the booby trapping
of unaccompanied pouches, where presumably the

element of surprise would be so great that there
would be no time for interference with the operation
of the Destrover.

20.5 EXPLOSIVE DOCUMENT
CONTAINERS - #

In the central laboratoiy of the division the only
other likely method of solving the problem, namely,
one based on explosives, was undertaken. From this
emerged three different containers, ail of them based
on the destruction of documents by the heat and
blast of an explosive charge. The two smaller devices

were made from small tins and were capable of carry-.

ing two sheets and 14 sheets of folded typing paper
respectively.

Initiation was provided by an adaptation of the
standard existing pull switches of either OSS or the
Corps of Engineers. By the stab action of this switch,

a time delay averaging 4.5 sec was ignited which in -

turn initiated the explosive charge contained in the
bottom and top of each case. For the small case, this
charge consisted of approximately 19 g of cast pento-
lite; for the larger case, it consisted of 75 g of cast
pentolite. A user would presumably carry his secret

Fiaure 3. Pyrofilm envelope for brief case.
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; - .‘ documents in one of these small pocket-size contain-  ever, there was a limited production of a larger-size ::'_-'?

.-:\ ers, and, when in danger of interception, would acti-  unit suitable for insertion in a briefease. This is illus-

o vate the delay unit and dispose of it at once. Its sub-  trated in Figure 4. e

- sequent explosion could be eounted upon to shred This unit consisted of a sheet metal container ap- "“‘.f‘

the contents bevond legibility, proximately 14 x 10 x 1{ in. loaded with 1.85 lb of e

:: 50/50 eyclotol (RDX-TNT), initinted: by means of t

- two Corps of L2 aeer 15-sec delay detonators which (e

:_'.‘ were ignited simultaneously by a single pall oa a R

\.j; common ring. This unit had an ovp.mll weight of .:-:.}_

o ‘ 314 1b and was of a size convenient for insertion in b=t
. the center compartment of a briefease. The docu- o5
.:: ments to be protected eould be placed in the pockets :::f'-

™ on either side. Upon operation, it was found that -'y.z

- 115 1b of loose paper could thus be almost instantly g

:::- destroyed, whether the briefcase was lying on the {::-3'

70 ground or was suspended in air. It appeared that the L‘;‘

explosive blast shredded the paper and the heat of the

ot 5 explosion consumed it, s0 that no fragmeni large T
- S enough to contain a printed word was ever found. Q:{C}'
DA - 14 - This unit was somewhat more hazardous to the user, e
o : but again was provided with a time delay so that he N:.\:
.. Fraere 4. Explosive briefease destroyer. might dispose of it before its action. Presumably it ‘;:"}*
hd ' . would be absolutely certain in its destruction effect, I'"g'
N Neither of the smaller units was produced, since since the chances of an enemy being able to inter- \'-
L they were developed very late during the war; how- fere would be very small. RSN
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21.1 INTRODUCTION
a German Gestapo and Wehrmacht personnel em-
> ployed carefully trained dogs to hunt down and lo-
':}‘_ cate suspected persons and to capture parachutists,
-::- The problem existed of how to thwart these dogs and
“' their trainers in this pursuit, and considerable British
work had been done along these lines prior to the
5 entry of Division 19 into the problem at the request
',‘ of OS8. Very little advance was made by the division
o over the British work, and this chapter is written
largely to give greater publicity to the very valuable

contributions made by our ally.

The problem had two aspects, namely, the use of
the proper tacties and the use of specially designed
devices (Dog Drags) to deceive the animal. No im-

, <
. .
ol -

-
(I}
. &

f;‘{ provement was found over the British instruetions in
N tactics; some improvement was found in the use of
‘3 deceptive devices, and, if the problem were an active
4 one, it was felt that a number of different chemical
> solutions could be used with advantage in the de-
) ception.
- .
P‘.
A 21.2 TACTICS ?
g

' 21.2.1 Assisting Scents
Cx After & dog has been given the scent of the man he
4: is required to track, by smelling some article used or

-

handled by the man or the room or ground where he
has worked or slept, he begins to pick up the trail. In
following the trail he is assisted by certain scents
which may be listed as follows: (1) windborne scent

‘-f:. .Y

»
.
-

19

:: traveling directly from the man to the dog, which
“ may travel as much as a mile or more; (2) still air
‘:.- scent, which is left by the man in sheltered spots
. where there is little air circulation close to walls or
"‘: under shrubs, or in similar locations; (3) track con-
- tact scent, which arises from the actual transfer of
:'; . odor from the human skin or clothes to the ground or
- shrubs; (4) local track scent, which is caused by dis-

turbance of the ground or crushing of the vegetation.

Obviously the harder and cleaner and more free
the ground is from cover, as an open paved road, the
more feeble the contact and local and still air track
seents; hence, such spots or places much used by men
or animals are unfavorable to the dog. Most favor-
able to him are locales covered with grass, sheltered
by hedges where the ground is soft.
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Chapter 21
DOG DECEPTION

21.2.2

Preliminary Precautions

If possible, it is advisable that the person, who may
be tracked, is wearing clean clothing and has had a
hot bath. Obviously this is an unlikely requirement.
He should remember that clean rubber shoes handled
only with elean gloves will give good protection. He
should avoid still air scents by leaping over obstacles
with a stout pole, riding a bieyele, or even walking on
stilts, To avoid windward scent, he should arrange
his starting point to be on the windward side of his
destination or at least make a large angle with the
direction from which the wind is blewing.

21.2.3 ‘Parachute Landing

The paratrooper should dispose of s visible equip-

ment. and parachute immediately on landing and .

prior to any attempt to lay a false trail. The more
confusion he can create doing this, by walking
through grass and bushes, is naturally beneficial.
Several false trails may be laid at this time. These
trails may be quite elaborate and run to a distance of
as much as 14 mile. Use can be made of the above
priuciples laid down for different tvpes of ground and
places favorable for scent may be deiiberately chosen.
The sequence of trails and their relative lengths
would vary in 2 given operation. I; .

T - ER

212,10 ' False Trails

The essence of a false trail is that it apparcntly
continues in a direction in which the man does not
proceed, and, in this respect, it is importaat to re-
member that che dog, as well as the master, must be
deceived. Another guiding principle is that.the first

part of the journey shoild not be in the direction of -

the final destination. The value of & number of false
trails right at the start is apparent because the dog
has little chance of selecting the proper one and valu-
able time is lost during which all trails become fainter.
It is desirable that false trails should cross each other
in an acute angle and that one or more of them should
return to the original starting point. Before getting
off a false trail, the man should clean his shoes of any
unusual materials contacted while on that trail. The
time spent in laying carefully conceivea false trails
would be well repaid in the delay caused the pur-
suers.
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128 DOG DECEPTION

Clean Heel Trail

Having reached a spot unfavorable to the dog, and
after laying many false trails, the man should at-
tempt a fairly long trail (400 yd) which, without de-
ception, would be counted upon to be hard to follow
because of the nature of the ground and the direction
of the scent. The use of a bicycle or a elean pair of
shoes or clothing at this point would be very bene-
ficial,

21.2.5

21.2.6 Drag Trail

Following the clean heel trail, the man should make
use of deceptive devices known as the Dog Drag (see
Section 21.3). This device dragged along the ground
behind him deposits strong chemical odors on the
ground and presumably these would suffice to further
confuse or irritate the dog. The use of the Drag would
be in conjunction with a number of false trails and
would last so long as the scent appeared strong. Pre-
cautions in its use include assurance that none of the
ampule contents has contaminated the person and
that all the trail is on ground unfavorable for scent.

Having performed the above exercises and reached
a spot extremely unfavorable for scent, the Drag is
slung into u tree, a pond, or a bush, and the trail is
ended.

21.3 DOG DRAG

This dévice is illustrated in Figure 1. It consisted
of a brass eylinder containing a glass ampule of chem-
icals, and equipped at one end with a knurled screw
and, at the other end, with a canvas sack. Tied to it
was a length of rope. The brass parts of the device
were identical with those used in the AC Delay (see

concentrated human footy odor. The theory behind
its use was that the dog’s nose would be so accus-
tomed to this very powerful odor that when the Drag
trail ended he would be incapabie of picking up the
very faint footy ador of the final clean heel trail. If all
the precautions given in Section 21.2 were followed,
this was likely to be the case, but in numerous field
trials 3 ¢ success was variable, depending upon the
dog and the skill of the Drag user.

Dog Drag with ampule removed.

FiGure L.

Attempts were made to improve the Drag by the
substitution of other chemicals in the ampule solu-
tion. Among these were examples of chemicals calcu-
lated to paralyze the dog’s sense of smell, to cause
pain, to tire the dog, to arouse emotions, to distract
the dog, and to repel him. None of the chemicels ¢al-

" culated to produee these effects turned out well. Of

them all, only four would seem to warrant, further
consideration by future users. These were a-ionone,
fresh grass juice, nicotine sulfate, and thioglycollic
acid.' It was not demonstrated thav any of these
chemicals were superior to the original British com-
position and, in fact, the conclusion of the work was
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Section 13.2). The operator was instructed to crush that the chemicals were secondary in their impor- {:":.;

the ampule by turning the knurled serew, thus liber-  tance to the tacties. It was concluded also that, with ,u :

ating the organic liquid contents into the canvas sack  the proper tacties and with or without the slight NN

where the oily material was soaked up. In this opera- assistance of Dog Drag, a skillful man could elude the ?“6‘;

tion, care was exercised that the person did not be- best trained dogs if his trail were more than_13 to r-_r-::

N come contaminated himself. The Drag was then care- 1 hour old before the hunt began. E'{.'.::;:'

o fully placed on the ground and, by means of the rope, Only one significant improvement was made in the SR

. dragged behind the user until exhausted. As origi- British procedure. This was in the recommendation E".-:_\

. nally developed, the ampule contained equal parts of  that clean paper bags ® should be tied over the feet ':"\:‘

N caproie, -valerie acids and castor oil. This solution  when a clean heel trail was hegun. Thereby, of course, L"‘;“

' wa: not distasteful to the dog but was an extremely  the contact odor was nearly eliminated. ‘—{-,-:
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v WATER PURIFIER L
AR s
. ’ 22,1 INTRODUCTION provement on the Wallace and Tiernan model was L;‘
. .',' Although a great deal of work on the problein of forthcomi.ng, and tl.nis appeared to be the best of the '-"\:.’
4"; ::' supplying the individual soldier in the field with ster- three available .dm' I:Iowever, a redesign of the - . -':',:'
oo ile, attractive water had been done by such compe- ‘vollace and Tiernan unit was made to produce a S
P . tent groups as the Surgeon General’s Office, the Quar- Smaller, lighter device of more capacity, better suited -\ﬁ
o termaster, the Bureau of Medicine, and the Com- O the use of an individual (Section 22.3). e
| E mittee on Medical Research, Division 19 at the re- _Lhe remaining work of the division was concerned 2
/ quest of OSS made a survey of existing methods from with attempts to generate by means suitable for field v ::::'
< the point of view of that group’s requirements and  use sufficient ozone to produce sterile, colorless, and ',"\
- did a certain amount of original work, which is the odo?less water directly. It was realized that the ef- 2 :
' g subject of this chapter. fectl\'f:ness of ozone for this work might be open to .:( T‘
- The operational requirement stated to the division ~duestion. From purely chemical grounds, however, it e
I at first was later modified in the light of attainable ftppeared after investigation to be an unlikely method )
- performance. It was hoped, however, that a man on it 20y case. The results of that work are given in 50
2 his own in the jungle country of Southeast Asia could Section 22.4. ::.*:::J
.o supply himself for a period of one month with taste- (:-\'5
N ,:: less, sterile, colorless, odorless water, from the very 29 FILTRATION STUDIES r:.::
. 4

unattractive streams of that region, and with the

i minimum quantity of accessory equipment. At the . . 9
; start, it was desired that this be accomplished with- 22.2.1 Ceramic Plugs * 'T":
- out the us» of chemicals such as the standard Hala- Using suspensions of mud and Aquadag (collvidal el
! t. zone tablets issued in the Army (chloramine-T) or carbon) in water, & great number of ceramic and Lol
C. more modern substitutes such as C-DC (chlor-dechlor ~ porcelain filters were tested for rate of flow and ef- N
{. tablets, a product of the Wallace and Tiernan Com- fectiveness of filtration. Extremely variable results St
l pany) or Burxoline (triglycine hydrotriiodide, 2 de- were obtained, even between examyles of the same @
“ velopment of the Committee on Medical Research). ceramic material. This indicated an uncontrollable :?f
- This hope was abandoned in view of inability to in- variation in porosity and the danger of the develop- ﬁ_,.'.
L sure sterility by filtration alone without chemical ment of minute cracks which were not casiiy located, ;-i"::'\':‘.
3 treatment. but were easily formed because of the fragility of the ‘::'-}:-.
" A survey of existing portable mechanical filters dis- materials. :.'.:.f.:
j closed three of promise which had been extensively It was found that the effectiveness of such plugs @~
) tested by the services.? These were known as the decreased very markedly with continued use, so that : :t":'_‘:

the rate of flow which, at the start, might be a reason-
able figure under an attainable pressure of about g
50 psi would drop in the course of a few minutes toa o

Quinn Microfilter, the Wallace and Tiernan Portable
Filtering Device, and the Bowser Piston Pump. The
first and last of these depended upon ceramic materi-

’
k)
A Gty f

R A R R AR R

* als for the main filtration and chlorination with Hala-
zone for final sterilization. The Wallace and Tiernan
unit was based on a renewable ashestos filter pad
containing activated charcoal. It also depended on
chlorination by the use of C-DC tablets which gave

value of as little as 1{gqq the original rate. Regenera-
tion or cleaning of such filters was moreover very diffi-

‘cult, for backwashing under pressure did not usually

fully restore the ceramic. Furthermore, if such plugs
were allowed to dry with the adhering coat of mud,
it became even more difficult to regenerate them.

= super-chlosination followed by chemical removal of

. the excess chlorine to give a potable =olution. Using It was thought that perhaps improved perform-

) this device as a hasis, the division’s central labora-  ance could be obtained by a pre-filter which would

3 tory investigated the use of a number of types of effectively remove tise bulk of the insoluble suspen- 5 _.‘~_'.'

" filter materials including ceramice plugs, porous silver  sions. In this way, the ceramic filter would be saved TN

. metal disks, and beds of activated charcoal. for the removal of the last traces of very fine ma- -::._\;."

. From Section 22.2 it will be seen that no basic im-  terinl. Pre-filters such as the Millbank Bag* were e
. :. ‘ P."‘.' \
. i NS
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130 WATER PURIFIER

somewhat effective but were felt to be too slow in
their operation. More success was had with pre-
filters consisting of beds of powdered metal and of
charcoal. Grade B aluminum grain appeared to be
the best of these materials, although it was difficult
to make exact conclusions, since performance de-
pended so largely on the turbidity of the water. It
seemed possible that 40 qt of water containing 50
parts per million of fine mud could be elarified with a
filter of this tvpe having an area of 58 sq in. without
backwashing, but merely by scrubbing the surface of
the porous disks holding the aluminum powder. Gyp-
sum, precipitated barium carbonate, and barium sul-
fate did not appear promising, although their trial
was suggested by the thought that negatively charged
viruses would be precipitated by positively charged
adsorbents. It was expected that activateu carbon
would be used in any case to remove poisons, odors,
and colors from the water by adsorption, but experi-
ments with a variety of carbon preparations made it
appear very doubtful that carbon would be any more
effective in this regard than as a pre-filter of large
particles. Pre-filters made of glass cloth, Nylon, and
linen were all open to objections raised against the
Millbank Bag and trials showed considerable tend-
ency to clogging and very inefficient performance.

It was decided that ceramice plugs, with or without .

pre-filters, held no promise for the construction of
rugged portable units of reasonably long life.

22.2,2 Metal Plugs **

It was proposed to circumvent some of the difficul-
ties encountered - with ceramic plugs by the use of
metal plugs formed by powdered metallurgy. It
seemed possible that the porosity could be better con-
trolled and, very likely, that these plugs would be
completely resistant to breakage. Moreover, it was
Loped that, if they were made of metals such as silver,
a certain bactericidal action due to the metal surface
would perhaps give sterile water by filtration alone.

Using a series of silver disks of known porosity,
studies were made with clay suspensions. It was
found that resistance offered by the accumulating
filter cake of deposited clay was practically the same
for all disks regacdless of pore size. This led to the
assumption that finely porous metal disks behaved in
the optimum manner; that is, they were fine enough
to hold the clay particles and were uniformly porous
enough to spread the resulting filter cake evenly on
the surface, giving the minimum thinness and maxi-
mum rate of flow. Tests with regenerating such filters

by back pressure and scrubbing under running water

showed that the disks could be restored to about 14
their original efficiency without trouble. However,
when organie material was added to the suspension
of clay, the flow rate could not he maintained by this
means and it required heating of the disk nearly to
red heat to restore the disk to its original usefulness.
Silver disks used in conjunetion with pre-filiers gave

somewhat better performance.

At this stage attention was paid to the sterility of
the water passing through such disks to determine
whether the disks were bactericidal. The results were
variable and not related to pore size. Some disks pro-
vided sterility in some trials and not in others, and
the only effectiveness of the silver appeared to be in
preventing growth of baeterin through the filter,
which was an additional handicap of the ceramic
tyvpe.

It was concluded that porous silver filters, while
seeming to have points supertor to ceramic materials,
were not satisfactory beeause of the tendeney to clog,
with or without pre-filters, because of the variable
performance against organisms, beecause of the prob-
able excessive weight of the powerful pump required
for an cffective unit, and because of the mechanical
complexity of designing an individual light, portable
filter based on them.

22,2,3 Filter Pads ¢

Among the pre-filters tried, had been the type used
bv the Wallace and Tiernan Company for their port-
able unit and known as Seitz X5 Pad. Further trials
of this showed that it had high retentiveness and good
resistance to clogging, while retaining a rapid flow
rate. Interestingly enough, it also showed fair ability
to give sterile filtrates, although it was not entirely
reliable. It appeared that this would be the best filter
on which to base a portable unit, provided a redesign
of the pump could be made in the interest of lower
weight and lower unit output.

22.3 MECHANICAL DESIGN *

Using the general features of the Wallace and Tier-
nan device and depending upon the Seitz K5 Pad for
filtration, a small pump and filter unit was con-
structed as shown in Figure 1. The device consisted
of a diaphragm, pump, and a filtrate collector and a
filter supporting vessel, which were drawn tightly
together by a ring clamp serew to confine the filter
disk on a perforated metal disk. A numbet of the
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OZONE STUDIES 131

parts were the same as those used in the Wallaee and
Tiernan Device.

The intake and exhaust valves were both located
in the mam pump body. The intake valve assembly
was made of Monel metal, and the valve was fastened
with a rubber washer cemented to the metal and held

- by a serew. The exhaust valve led through the middle

of the pump body and into the filter chamber. The
main pump body, the diaphragm plates, the clamp
ring, the filtrate receiving vessel, and the perforated
plate were all of aluminum. The device weighed 13 oz,
had 2 maximum diameter of 3.84 in. and a height of
2.19 in., a size convenient for pocket carrying. The
intake tube was 5t of 3 g-in. rubber wibing, the two
ends of which were attached to the tubulature of the
pump and to an intake strainer and float, which
served to remove gross contamnation and to protect
the valve and pad by pre-filtration. This strainer con-
sisted of a sock of olive drab Nylon eloth on a spring
frame. Tt floated about 1 to 6 in. below the surface by
attachment to a evlindrical cork float. The water
drawn by the pump therefore came from close to the
surface, where it was relatively free of suspended
matter. '

Frovne 1. Small filter-type water purifier.

The pump had a capacity of 2 cu in. per stroke and
required 30 strokes per gt of water. It was self-prim-
ing and foot-operated. The pressure developed de-
pended upon the operator’s weight and in b per sq in.
was roughly Y4 his weighi in Ib. Using a clean filter
pad with clear water, the optimum pumping rate was
I gt per min. The ceffort required was not tiving. The
filter puds were eireular, 334 in. in diameter. Its per-

formanee on moderately turbid semi-stagnant pond
water is given below.

Tasre 1. Time required for delivery.

Quantity Tlm(-
First quart 1.08 min
Second quart 1.5 min
Third quart 2.08 min
Fourth quart 3.5 min
Fifth quart ) 5.1 min

Seventy-two pads weighed 1 1b, and, while the raw
water to be filtered and daily requirements would
vary considerably, one pad per day was estimated to
be sufficient for use, hence, one of these pumps with
1 1b of pads and the necessary chemicals for water
sterilization would provide filtered water for at least
G0 days at a total weight of not over 2 Ib. The chem-
icals recommended could be any of those ordinarily
used. It seemed to the workers in the division that if
Bursoline were standardized by the Surgeon Gener-
al’s Office this would be the best choice. Failing that,
the C-DC tablets of the Wallace and Tiernan Com-
pany appeared most suitable for quick sterilization.

31 OZONE STUDIES ¢
22,1 Evaluation of Ozone

Previous work ! indicated that ozone might have
value as a chemical capable of producing sterile
water in very brief periods of time and in very small
amounts (10 mg in 1 liter of water). It was hoped that,

a simple way of generating ozone in the field could he

discovered for the individual soldier’s canteen use.
This treatment would presumably, not only yield
sterile water, but would remove the color and odor
associated with river water. Excess ozone would not
be harmful to the individual in contrast to chlorine.
It was realized that the true effectivencss of ozone
against all types of organisms and viruses was not
known. Fortunately, or unfortunately, the necessity
of investigating this point never arose, since no prac-
tical method of generating ozone in the field by port-
able equipment eould be found.

2242  Preparation by Oxidation of
Phosphorus

A survey of the chemieal literature indicated that
a good yield of ozone might be obtained by the oxida-
tion of white phosphorus in a rapid stream of moist
air in the dark. With the rate of flow varying from a
few milliliters to several liters per minute, the amount
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132 WATER PURIFIER

of ozone obtained was found by test to be about 1 mg
per hr. This rate of production was obviously too low
to make the method practical.

i
¢

22.1.3 Electric Discharge

The chief industrial source of ozone for water
sterilization is silent electrie charge. Voluminous lit-
erature on the subject exists. Conceivably a small
hand-operated electro-mechanical device could be
designed which might produce ozone directly from
the air by means of this principle. The possibility was
not investigated.

22.1,1 Preparation of Persulfates

The persulfates as a class in aeid solutions liberate
ozone. 1t was hoped to find the optimum conditions
for this reaction and perhaps to prepare tablets which
would spontanecusly react to give a quantity of
ozone sufficient to sterilize a single canteen. Tests
definitely confirmed the generation of ozone by this
chemi:.ul reaction, at temperatures, however, which
were not attainable convenieatly in the field (70 C).
It was felt that the mechanical difficulties of devising

an apparatus suitable for use with the reaction were .

insurmountable. Unfortunately, the yield of ozone
was 5 per cent, the yield of oxygen 95 per ccnt, from
the reaction. If a eatalyst could have been found
which would have reversed these figures, the chemical
method would have been a possibility.

22.L.5

Preparation by Electrolysis

It was found that a portable generator operated by
hand, motor, or storage battery could provide sufii-
clent ozone to be useful. However, this meant con-
siderable equipment, with increase in weight and loss
of smallness and compactness; hence, although ex-
perimentally feasible, the method was not felt to lend
itself well to actual field use. It was caleulated that a
4=\ storage battery by electrolysis of 2 1.2 specifie’
gravity sulfurie acid solution using a lead jar for the
cathode and a l-centimeter lead disk for the anode
and having a total volume of 1 liter would provide
I liter of sterile water every 5 min. The device would
be suseeptible to traces of impurities and would obvi-
ously not answer the original field requirement. It
might warrant further study for use at a fixed camp,
but only if ozone were to be evaluated as a sterilizing
agent.
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23.1 ‘ INTRODUCTION

A desire was expressed to Division 19 by OSS and
British liaison officers 3 assigned to it for development
work on the silencing of outboard motors which were
already in use in the field for reconnaissance work.
These motors were emploved with small eraft, for the
purposé of effecting landings on enemy-held coasts by
men assigned to gather information and later were
required for their escape. It was important that the
coast be approached with a minimum of noise and
that the escape attract no attention.

The motors atready used were four in number: the

* Johnson POLR 22 hp, the Johnson K 9.8 hp, the
vinrude Lightfour 9.7 hp, and the Keikhaefer Mer-
cury Rocket 6 hp. The problem was essentially the
development of silencing kits which could be shipped
to the ficld ard installed on motors already issued.
1t wax not the problem of devising a silent outhoard
motor. The work resulted in considerable improve-
ment in the performance of all the above with the
exveption of the Johnson K.

Much later in the program, Navy groups in Cali-
fornia at the San Diego Navy Yards asked for and
received support in the silencing of 30-hp Evinrude
moetors usedd by the Navy with 32-ft Chemold Plastie

" surf hoats. The principles discovered in ‘the original
work were suecessfully applied in this'new problem.

The program wis handled for ‘Division 19 by the
Engineering and Cransition Office of OSRD, and,
through that office, the support of Section 17.3 and
the EleetrozAcoustic Laboratory at Harvard Uni-
versity, as well as a group at the University of Cali-
fornia at Los Angeles, wire secured. Without the
active cooperation of the Engineering and Transition
Office and these assisting laboratories, the program

.

-:-f‘ could not have heen suceessful.
< e .
[ 23.2 METHCDS OF APPROACH
:-: T'wo entirely different methods of solving the prob-
:} lem presented ther .selves and were used by the dif-
.t ferent groups. The contractors in the east preferred
‘_; to analyze the sources of sound and to silence them
individually.! 2 The contractor in the west preferred

to silence the motor by any conceivable means * ¢
and then to back off from the ultimate obtainable
performance to the performance which could be se-

Chapter 23 '
QUIETING OF OUTBOARD MOTORS

cured by methods usable in the field. Both of these
methods eventually came to the same conclusion.
An arbitrary decision was made to eliminate from
consideration noise caused by the boat. This included
the boat’s acting as a sounding board for transmitting
the motor vibrations to the atmosphere and also the
considerable noise due to the passage of the boat
through water and against waves. No attempts were
made to develop a boat of the best design for silence.
The early tests were conducted in a Jury Rig and
sound measurements were taken in a number of dif-
terent positions by an ERPI Sound Frequency Ana-
lvzer. Analysis of the noise spectrum was made from
10 to 10,000 eyecles. Absolute noise levels were de-
termined. The unsilenced engines were thus found to
behave as shown in Figu e 1. '
Tests were also made in which the various motors
on actual boats, when going directly away from a
beach, were evaluated by a listening jury. Table 1
giy s the performance of the unsilenced motors under
these conditions and the peak engine rotation fre-
quencies. All these distances were measured at full

TasrLe 1. Performance of unsilenced motors traveling
from beach

' ‘ Maximumn
Motor Higb peaks distance heard
POLR 86 (1333 cps) 2,930 ft
Mercury 79 (267, 533, 667 eps) 2,400 it

K 73 (400 cps) 1,800 ft
Lightfour | 74 (400 cps) 1,300 ft

throttle. The serious need for sound reduction is very
apparent from this table.

23.3 NOISE SOURCES ! ?

23.3.1 Exhaust

This was the most obvious source of noise. In most
of the motors, it was taken care of by underwater ex-
haust. In the 22-hp Johnson POLR, this was the case
and the demonstrable reduction in noise level at all
h_{trjnoni('s averaged roughly 10 db. Comparable re-
sults were not obtained with the Johnson K. In this
case the underwater exhaust created a burble which
appeared to be due to the breaking of the exhaust
hubbles against the water surface. Attempts to alter
their size and distribution by insertion of various
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134 ' QUIETING OF OUTBOARD MOTORS
g0 o2 : placed, in spite of underwater sound measurements,
] L L and the motor was finally abandoned &s incapable of
w100 |- 4 being silenced because of this peculiarity. It was the
: only failure among the motors.
z : . . .
®3 30 1 In the Evinrude Lightfour, a high percentage of
28 8o noise was lost in the underwater exhaust in and above
oz o 7  the slip stream of the propeller. Slight additions to
Sa 0L - '/. A 1 the standard motor consisted of mufflers based on
;§ s N either a tube connecting annular chambers between
Sce60f \\'\'I'\ 4 washers equally spaced or a similar tube containing
a . . . .
re Oy rolls of copper screening to provide quick cooling of
EE 50 - 4  the exhaust esses. The Evinrude exhaust system
Se STANDARD ENGINES made use of a relief, which passed a small percentage
Z 40 | = POLR 3500 RPM . . . o .
e ———eK 3850 RPM ‘ of exhaust during starting and idling. At full speeds
B 3ok T aeRny o | this passage was flooded with water and the exhaust
: was entirely underwater. In the Mercury, this escape
3 20 RN TR VY NS ST O S feature provided so much relief that the underwater

fe?s 75 150 300 600 1200 2400 f{>4800
150 300 600 1200 2400 4800

FREQUENCY OCTAVES IN CP'S

Frorre Lo Comparison of sound levels of standard

engines,
plates and auxiliary expanding chambers were quite
unsuccessful. The dragging of a blanket on the sur-
face of the water also was without effect. Even a
mutfler five times the normal volume produced only
minor improvements in this charact - «*ic burble.
The source of this difficulty was nevier accurately

feature was entirely ineffective, and it was necessary
to design a new exhaust manifold incorporating the
Evinrude exhaust relief. The results were gratifying.

23.3.2 Intake

The second largest source of noise came from the
arburetor intake. This was effectively silenced, in
the case of all motors, by the use of a single-chamber
resonant type silencer, which was attached to the in-
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take manifold. Figure 2 shows the performance on
the Evinrude Lightfour of two different models of
intake silencers. A considerable reduction at all har-
monic frequencies is apparent.
23.3.3 Mechanical

It seemed obvious that one would attempt the
silencing of an ontboard motor by enclosing the body
as completely as possible in a housing. Several at-
tempts were made, including wooden and plastie
housings filled with insulating materials such as glass
wool, felt, and special acoustic ﬁ]linp' At the same
time, less cumbersome tailor-made jackets called
Barnevs were tried which were intended to accom-
plish the saume purpose but which were not <o bulky.
It was found that the more elzborate housings were
somewhat superior in noise reduction, but not suffi-
ciently so to warrant their use in preference to the
Barneys, which were ineluded tn the kits sent to the
field. .\ typical Barney is illustrated in Figure 3.

Fravee 3.

RBarncy,

The Barevs were tailored to fit the individual
power heads and were supported over hot spots of
the motor by a shroud of perforated sheet aluminum.
Coverage was made ax complete as possible by lacing,
and sound shsorption was accomplished by lining
with glass wool or ncoustie felt; the outer mate:ial
was glass eloth, The effectiveness of a typical Barney
can be seen from Figure 4.

23.4 RESULTS

The microphone tests showed that there was a di-
rectional pattern of motor noise and that noise levels
would be somewhat higher in positions directly on
either side of the boat with the least noise reaching an

observer directly in front of the approaching boat.
These differences, however, were too small to he sig-
nificant. When all three of the methods of quieting
were applied to all motors, the following maximum
noise reduction was obtained:

Tagre 2. Maximum noise reduction on quicting of
outhoard motors.
Noise level at 25 ft Noise
Motor Unsilenced  Sileneed | reduction
Johnson POLR 22 hp{ 95 db 69 di, 26 db
Johuson K 9.8 hp 79 db 74 db 5db
Evinrude Lightfour
9.7 hp 76 db 63 db 13 db
Mereury 6 hp 80 db 59 db 26 db

This elearly shows the success which attended all
the silencing work with the exception of the John-
son K motor, which was abandoned. The figures were
obtained using a 40-db weighting net.

a U
w NO mp—p— T T T T T T
(")
.4 -
& 100 : : -
u .
3
© 90 - .
cd
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zy 8o .
£
g
70 | -
2
[~ 3]
é ° o} -
i3
Ik ser T
N
8¢
Z 401  MERCURY- 3100 RPM -
& e STANDARD
= S0 weme=a BARNEY -
-
E 20 1 L l A L 1 1 i
f<79 78 1350 300 600 1200 2400 {> 4800
150 300 600 200 2400 4800
FREQUENCY OCTAVES IN CPS
Froure 4. Comparison between sound level of u stand-

ard engine with and without Burney.

The difference in sound detection with different
engine speeds was remarkable. Thus, in the presence
of surf noise, quieted engines were undetected by
listeners at 100 yd, when proceeding at a slow speed,
but were detected at 300 yd at full speed. It was not
clear whether the noise detection was caused by the
motor or by the considerable noise created by the
boat in the waves. Listening conditions such as wind
direction, air temperature, and ambient noise level
wotld, of course, vary with resultant variance in per-
formance. It was felt, however, that the POLR, for
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QUIETING OF OUTBOARD MOTORS

example, could approach, without being heard, to
approximately 1,400 ft at full throttle and 280 ft at
dead slow speed.

64 db such a hoat could approach to a distance of
150 yd before being detected above the ambient
noise conditions.?

Sample kits suitable for the silencing of the three

e e @ e

The performance obtained with the 50-hp Evia- '
rude and 32-ft surf-landing boats using an improved  successful motors originally preposed for study were '
Barney, an improved intake silencer, underwater ex-  dispatched to the field, and a small production under- .
haust, and some attempted isolation of the motor taken by OSS. Information was also supplied on easy
from the stern of the boat gave comparable results.  starting of outboard motors,® since this too was a .
A maximum reduction in noise of 54 db was obtained, problem with the users of the motors on reconnais- K
and it was caleulated that with a background noise of  sance missions. ;
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AC DgLav. Acetone Celluloid time delay.

Apuesive. Material used for the attachment of explosive
charges.

Arcoa. Aluminum Company of America.

ARB. Army Rescue Boat.

o] BarxEY. A glass-cloth padded jacket for covering outboard

o motors,

S8 Beano. A baseball hand grenade filled either with high ex-

- plosive or white phosphorus.

BursorLing. Triglycine hydrotiiodide, a compound for water
purification.

C-DC. Chlor-dechlor tablets for water purification.

Crry SLICKER. An oil slick igniter.

CrockwoRrx. Precise waterproof time delays.

CorbURA. A regenerated cellulnse fiber.

3 CSR. City Slicker, rectangular.

N CST. City Slicker, trisagular.

p Doag Drag. A device for throwing bloodhounds off the trail of
< an agent. , .
.. FBI. Fast Burning Incendlary

~a IFL. Induction Field Locator, an electromagnetlc device on

which men equipped with IFT could home.
IFT. Induction Field Transceiver, an electromagnetic device
~ for short range secret communication.
ISRB. Inter-Services Research Bureguy, British counterpart to
- the Office of Strategic Services.
KOFQR. Cough Mixture, an alloy of sodium and potasslum
suspended in benzene in a frargible glass contamer
LuLy. A disperser-igniter for inlammabie dusta. -
Marcuugan. A waterproof attachment for the Pencil time
d:lay giving silent ignition of incendiary devices.
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' GLOSSARY

MRL. Maryland Research Laboratories, the central labora-
tory of Division 19.

MWT. Microwave transmitter, a device for secure communi-
cations over short distances,

OSS. The Office of Stragetic Services.

Pacy REVERE. An incendiary functioning either on land or on
water and capable of igniting crude oil as well as more
combustible materials.

PENcIL. A chemical tune delay for activation of explosive or
incendiary devices or charges.

PerMaNENTE Mix. Incendiary filling of the City Slicker and
Paul Revere.

PR. Paul Revere, a form of the City Slicker.

PVC. Polyvinyl chloride; tubes in which Pencils were pack-

aged.

RD-4441 anp RD-43-141. Compositions of adhesives.

SaLex. A Slow Burning Explosive composed of sulfur, alumi-
num, and TNT.

SBX. Slow Burning Explosives.

SceerING BEAUTY. A one-man underwater craft developed by
ISRB.

Seigor MorTar. A silent flashless weapon developed by ISRB.

SR. Signal Relay (Time Pencil).

SRA. Signal Relay American.

SRI. Signal relay incendiary.

SSR. Spin stabilized rocket. :

Srurarseric Fuze. A device for activating one explosive
charge by the ﬁrmg of another.

UWT. Telegraph and teiephone devices for communicating
under water.

WP Bzano. Beano filled with white phosphorus.
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1. A Microwave Transmitter-Receiver or Relay Station for 2. A Microwave Transmilter-Recviver or Relay Station for v
Radiotelephone and Radioteleyraph [se, Final Report, Radiotelephone and Radiotelegraph Use, Final Report,
OEMsr-922, Div. 19, Serial No. 12, Part V, University OKEMsr-922, Div. 19, Serial No. 12, Part III, University
of Pennsylvania, Moore School of Engineering, Juue 1945. of Pennsylvania, Moore Schoal of Engineering, June 1945.

PART 1V
Chapter 13

1. An Audible Device for Locating Canisters Dropped from quarters Airborne Cumnuwnd, Camp Melall, N. C.,
Planes, C. C. Chambers, R. M. Showers, and 8. R. Deec. 28, 143.

Warren, Jr., Final Report, OEMsr-922, Div. 19, Serial 5. Report of User Trial Test of Locntor, Parachuie, Bell-Light
No. 12, Part I, June 12, 1944, . Type, R. H. Forbes, May 28, 1945; Parachute Locator,

2. Dropping Trial of Containers and Packages, Henlow, Bell and Light Type, A. W. Mattin, MRL Report 214,
British Report DX14/ITCL. /5041, Aug. 31, 1943. June 5, 1945.

3. Report on Trial of Devices for Locating Containers in the 6. Functional and Acceplance Testing of Lost Chord, D. E.
Dark, British Report 576, trial held on Oct. 22, 1943. Severson, MRL Report 169, Jan. 9, 1945,

4. Tesl of Signaling Device, Project No. 136, J. Blades, Head- = 7. Memorandum on the Mine Safety Appliance Company

Locating Device, R. M. Showers, Feh. 1, 1944.
Chapter 19

1. Adhesives for Special Army and Navy Uses, Final Report, 4. Acceptance Trial Tests of Adkesive RD-44-41, H. 8, Isbin,
OEMur-850, Div. 19, Serial No. 20, Researchand Develop- MRL Report 130, Sept. 2, 1944.
ment Department, Bakelite Corporation, Dec. 6, 1944, 5. Report of the Functional Trial of Adhesives for Demolition

2. User Trial of Adhesive at Forl Belvoir, Virginia, W. C. Charges, British Report 111964, June 8, 1944; Report of the
TLothrop, Jun. 1, 1944; Funetional Trial of the Adhesive at Functional Trial of the Bakelite Adhesive Preparation
Fort Belvoir, Virginia, May 23, 1944 (Memorandum), RD-44-41, British Report Reference 2347, Sept. 28,
W. C. Lothrop, June 2, 1944, 1944,

3. Adhesiven for Demolition Charges, Report 832, Technical 6. Military Adhesives, Report 1674, Infantry Board, Fort
Staff, Engineer Board, Fort Belvoir, Va., June 19, 1944, Benning, Georgin, July 1944,
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Chapter 20

1. Balsam, H. J. Billings, Final Report, OEMsr-1023, Div. TDMR 949, Jan. 6, 1945; Messenger Pouch Destroyer,
19, Serial No. 22, Part 111, Arthur D. Little, Ine., Dec.27, L. F. Fieser and E. B. Hershberg, Final Report, OEMsr-
1944, 1214, Div. 19, Serial No. 30, Part 11, May 28, 1945.

2. User Trial of Balsam, H. S. Isbin, MRL Report 128, 6. Container, Self-Destroying, Medium Size, incendiary
Aug. 29, 1944; Acceptance Test of Paper, Soluble, H. S. Pocket Notebook Type, H. 8. Isbin, MRL Report 188, .
Isbin, MRL Report 200, May 1, 1945. Mar. 27, 1945; Appendix, June 8, 1945.

3. Pyrofilm and Its Applications, ¥. B. Hershberg, Final 7. Moth, Explosive Brief Case Destroyer, ID. K. Rosen, MRL
Report, OEMsr-1214, Div. 19, Serial No. 30, Part III, Report 173, Jan. 22, 1945.

Harvard University, May 28, 1945, 8. Moth, Explosive Message Carrying Containers Small and

4. Incendiary Document Cases, British Reporet, Oet. 12, 1944, Intermediate Size, D. E. Rosen, MRL Report 202, May 4,

5. Messenger Pouch Destroyer, E3, 1.. W. Whitaker, C.W.8. 1945.

Chapter 21

1. Dog Drag, 1. J. Billings and E. C. Crocker, Final Report, mount Depol, Front Royal, Virginia, W. 1. MacDonald,
O:iMsr-1023, Div. 19, Sevial No. 22, Part VII, Arthur D. Aug. 3, 1944; Dog Drag User Trial Tests al Front Royal,
Little, Inc., Apr. 30, 1945. o Ve., W. I. MacDonald, Aug. 29, 1944.

2. Instructions for the se of the Drag, British Report SS600, 4. Doy Drag Trials at Front Royal, Va., W. R. Clark,

Jun. 5, 1943; Doy Drag, British Memorandum, Reference
2097, Oct. 13, 1944. '

. Report of Field Trial of Dog Drag al Quartermaster Re-

Oct. 15, 1944.
Dog Drag, British Report 2249, Nov. 24, 1944,

Chapter 22

i

. Comparison of Chlorine and Ozone as Viruscidal Agents

of Poliomyelitis Virus, J. F. Kessel, D. K. Allison, F. J.
Moore, M. Kaime, Proceedings of the Society for Ex-
perimental Biology and Medicine, Vol. 53, May 1943,
pp. 71-73.

. Report of Visits to Various Installations Inlerested in

Water Purification by Portalle Urits, D. B. Suramen,
Aug. 21, 1944, ' ’

Work on Agua Vita Project, N. P. Nies, Maryland Re-
search Laboratories, Feb. 1, 1045.

Bags, Waler Filter (Millbank Type), British Provineial
Specification K /1501, issued Jan. 29, 1845,

A Swmall Filter-Type Water Purifier, R. E. Wood &nd

L. B. Thomas, MRL Keport 219, Aug. 13, 1945.

A Study of Chemical Methods of Producing Small Guaniilies

of Ozene, H. N. Alyez, MRL Report 232, Aug. 15, 1945,

Chapter 23

. The Quieting of Outboard Molors, H. L. Ericson, OSRD

Report 6188, Harvard University, Oct. 27, 1945.

The Reduction of Noise from Outboard Moltors, 1.. D.
Watkins; and Sound Level Reduclion in Johnson Sea
Horse Outboard Molors Models KSI-1ti and POLR-5,
W. C. Conover, Final Report, OKMzsr-1427, Div. 19,
Serial No. 37, Outbonrd, Marine & Manufacturing Com-
pany, July 31, 1945,

. Report on the Functional Trial of the Silenced 22 HP

Johnson Outboard Molor, British Report DBT/DAC /956,
Aug. 13, 1844,

Silencing Outboard Motors, 1.. L. Ryder, Consultant to
OBRD Engineering nnd Transition Office, Mar. 17, 1945,

' Easy Starting of Outboard Motors, Outhoard, Marine &

Manufacturing Company, Apr. 23, 1945; Quick Starting
of Outboard Motors, W. J. Matteson, Engineer Board
Work Order DBR 3573, Apr. 9, 1945,

Tentative Pregram for Silencing Johnson POLR Outboard
Molor, L: 1.. Ryder, Apr. 23, 1945,

50 HP Evinrude Molor and Boat Silencing, L. L. Ryder,
May 26, 1945; Noise Reduction of Chemold 3% Surf
Boats Equipped with Evinrude 506 HP Motor, D. P.
Loye, Engineering and Transition Office Contract
OEMzsr-1375, University of California at Tos Angeles,
Aug. 30, 1945,
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CONTRACT NUMBERS, CONTRACTORS,

AND SUBJECT OF ZONTRACTS

Contract Number

Naine and Address of Contractor

Subject

OEMsr-1023
OEMur-850

OEMsr-1254
OEMsr-1325

OEMsr-955

OEMsr-927
OLMzsr-876
OEMsr-1279
OEMsr-1427
OEMsr-1119

OFMsr-739

OkMsr-1158

(with Division 13, NDR()

OEMzur-824

- OEMbar-545

OEMzsr-572

OEMer-1214

Arthur D. Little, Inc.,
Cambridge, Massachusetts

Bakelite Corporation,
Bloomfield, New Jersey

- Eastman Kodak Company,

Rochester, New York

E. I. duPont de Nemours & Company,
Wilmington, Delaware

Ford, Bacon & Davis, Inc.,
New York, New York

Holmes Electric Protective Company,
New York, New York

Leeds and Northrup Company.
Philadelphia, Pennsylvania

Merz Engineering Company;,
Indianapolis, Indiang

Outhoard, Marine & Manufucturing Company,
Waukegan and Evanston, Illinois

Universal Muteh Corperation,
St. Louis, Missouri

Galvin Manufactuiing Company,
Chieago, Iillinois

Western Electric Company, Inc.,
New York, New York

Willard 8t rrage Battery Company,
Cleveland, Ohio

Columbia University,
New York, New York

Harvard University,
Cambridge, Massuchusetts

Harvard University,
Cambridge, Massnchusetts

Development and testing of psychologlcal
weapons

Development and testing of adhesives, in-
cluding underwater adhesives

Development of a hand grenade — Beano

Studies and investigations in connection with
delayed-action detonators

Establishment, equipmeut, staffing, and man-
agement of a central iaboratory for testing
and proving purposes in connection with
the work of Division 19

Developmeut of various types of sympathetic
and vibration fuzes, including relays

Studies and investigations in connection with
controlled delays

Production design of Spigot Mortar

Studies on silencing of marine engines

Development of a special matchhead for use
in delayed-action pocket incendiaries

Studies and experimental investigations in
connectiun with the construction of ampli-
fiers and their associated mechanisms

Studics and experimental investigations in
connection with the construction of a radio-
controlled switch

Studies and -experimental investigations in
connection with the development and im-
provement of an electrolytic cell

Studies of the rates of reaction of iron with
copper solution at different temperatures

_and of related problems in connection with
controlled action

Development of protective coating for water
soluble wire

Development of specially operated incendinry
and pyrotechnic devices.

OFMur-602 University of Chicago, Development of devices for the destruetion of
Chicago, Illinois materinls and the development of other
DA offensive weapons
s OFkMur-922 University of Pennxylvania, lnvestigation of secret signaling and com-
;. Philadelphin, Pennsylvania munieation devices
’ T
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‘e
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SERVICE PROJECT NUMBERS

The projects listed below were transmitted to the Executive
Secretary, NDRC, from the War or Navy Department
through either the War Department Liaison Officer for
NDRC or the Office of Research and Inventions (formerly
the Coordinator of Research and Development), Navy

Department.
Service
Project
Number Subject
A OD-176 White Phiosphorus Grenade
NR-109 Bushmster
NO-234 . Oil Slick igniters

Other projects, forming the major portion of Division 1¢’s
_ program, were received direcily from (uc Othee of Strategic -
Services. ‘
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Abbé refractometer, 38
Acetone celluloid delay fuze (AC De-
lay), 80
Adhesives, military; see Military ad-
hesives
Aluminum, use of; in grenade cas <, 16
in T-5 fuze, 18
in WP Beano case, 23, 24
Ammonium chloride solutions for Mark
11 pencils, 68
Army rescue boat (ARB), 104
Asbestos for military adhesives, 120
Audio frequency gonerators, 109

Baby Lulu (disperser-igniter), 36
Bakelite, use in T-5 fuze, 17
Bakelite cell for Mark II pencils, 68
Barneys (outhoard motor housings),
135
Barrier disc type magnesium alloy
delay, 84
Buse for military adhesives, 120
Battery exhaustion as basis for time
delay fuze, 86
Bazooka Rocket Launcher, 3
Beano 1-13, 15-22
case, 16
comparison with Mark I grenade, 19
modifications, 22
performance, 19, 20
production, 20
recommendations, 22
requirements, 15
T-5 fuze,. 17, 20 21
Beano, WP; see WP Beano
Bentonite for military adhesives, 121
Bickford fuze, 39
Bowser piston pump, 129
Brtish; AC delny fuze, 80
clockwork time delay, 74-79
Cough Mixture (KOFQR) il shick
igniter, 8
document destruet ion, 122
\t!u;; Jdeception, 127-128
grenade No, 69, 17
grenade No. 77, 27
impact fuze, 17
Murk I peneil, 54
oil wlick igniter, 8
Sleeping Beauty, 100
Npigot Mortar, 28 32
sympathetie fuze, 45 53
Bursoline, 129
Bushmuster (remote fir.ng device), 40
Butacite for Mark I AC delny fuze, 81
Butterfly cap for T-5 fuze, 17

Culeium chloride solutions for Mark 11
pencils, 68

Culelum  phonphide for igniting oil
slickn, 8

NEG o4 LAl JUIRTEN JRERNY ) -
A

Carbon black for military adhesives,
120
C-DC( tablets, 129
Celluloid for Mark T AC delay fuze, 81
Celluloid matebhead for incendiary
pencil, 71
Ceramic plugs for water filters, 129
Chloramine-T tablets, 129
Chlor-dechlor tablets, 129
City Slicker (oil slick igniter), 8
Clockwork time delay, 74-79
choice of clocks, 77 -
multi-dsy model, 76-77
performance, 77
produstion, 78
requitements, 74
12-hour model, 74
24-hour delay model, 76-79
use by British, 74 )
use by Germans, 74-79
Coatings for pencil wire, 56
Cold flow of metals, 86
Collodion solution for Mark I peneil
sealing, 61
Communication systems, short range
induetion field (IFT-1¥L), 95-99
Communication with electric currenta
in water, 100106
Concussion Beano, 22
Concussion detonator; aee Sympathetic
fuze
Condenrer microplone {or ultrarcnic
ensurements, 100
Condnctometrie snolysis of Mark 1
penell ampoules, 58 ‘
Cordura delay fuae, 82
Cortosion a» a timing ntechanism in
fuzes, 49
“Cough Mixture” (KOFQR) oil slick
igniter, 8 -
C8R (Reetangular City Slicker), 8
CST (Trinngular City Slicker), 8, 12, 14
Cyelotal for document contmner de-
struction, 126

Darex Thermoplastic Conting BM 186,
12

Dash-pot delay fuze, 51
Deluy fuzes; see Time delay fuzes
Demolition firing deviee Murk 11,
47
Dental pellets; use in Mark I pencil, 61
use in Mark 11 peneils, 68
Dinperser-igniter (Lulu), 34
Diurnal temperature change, use in
time delny fuze, 86
Document destruction; edible paper,
122
explosive document containern, 125
messenger pouch destroyer, 123
pyrofitm, 122
Dog deception, 127-128
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Dog drug, 128
Dog trail, 128

Edible paper, 122

Electrogalvanized zine coated wire for
pencil (SRA-3), 56

Eleetrolysis for ozone production. 132

Electrolysis in time delay fuze, 85

Electrolytic Arming Disc for fuzes, 49

End plug for Mark II pencils, 68

Ester gum for military adhesives, 120

Ethylcellulose, use in WP Beano case,
23, 24 ’

Fureka clock (elockwork time delay), 74

Evinrude Lightfour outboard motor,
133, 134 :

Exhaust noise in outboard motors, 133

Explosive document contuiners, 125

Factory Mutual Research Corporation,
- 37
Fabe trails for dog deception, 127
Fust burning incendiary (FBI), 39
Federal labsiratories of Pittsburgh, 30
Fiber G dclay fuze, 83
Filler for military adhesives, 120
Filte.n, waier, 129-136
ceramie, 129
filter pads, 130
mechanical, 130
mesal, 130
requirements, 129
Firing devices; see alro Fuses
deluy type, M-1, 54
special remaote, 40
Finsh powder losding of Beano T-13, 22
Fragmentation of Beano T-13, 19
Fiee field room for acoustic measure-
ments, 109
Fuzew; Bickford, 39
el ckwork time delny, 74-76
impact fuzes, 17, 10-22
ineendinry pencil (SRI), 71
magnesium alloy delays, 83
Mark I AC deluy, 80
Mok T pencil (SRA-3), 54-65
Mark I peneil, 66-70
organie fiber delays, 81
radio~controlled switeh, 87-91
Spigot Mortar, 31
xympathetic, 45-53
T-5, 17
T-21, 25

Galton type ultrasonic whistle, 109

Gan blown whistle for parachute loca-
tion, 116

Gas diffurion, use in time delay fuse, 86

Gas supply of whistles for parachute
loeation, 116

Gauges for mensuring SRX  presaure,
31,38
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Glycerol for time delay pencils, 57
“Goop” for incendiary bombs, 8
Grenade; see Hand grenades

Halazone tablets, 129
Hand grenades, 15-27
cuses, 16
concussion Beano, 22
Mark II, 15, 19
T-13 Beano, 15-22
T-13K1, 21
Time Delay Beano, 22
WP Beuano, 23-27
Handy-talky (SCR-536), 91
Hercules blasting caps 100-24B, 84
High frequency acoustic measurement,
109
Holmes Electrie Proteetive Company,
49
Hooter (underwater sound source), 109

IFL (Induction Field Locator), 95-99
TFT (Induetion Field Transceiver), 95—
H) P
Impact fuze; TakY fuze, 20
THE2 fuze, 20,
TH5E3 fuze, 22
T-21 fuze, 25
T-5 fuze, 17
work of the British, 17
Impaet hand grenade; see Hand grenade
Incendiary briefease, 123
Incendinry notebooks, 123
Incendiary pencil (SR, 71-73
- Induetion field communieation systema,
short range, 95-99
Induction Field Locator (1FL), 95-99
Induction Field Transceiver (IFT), 95~
99
Intake noise in outhoard motors, 134
Intelligence nids, 122126
Intereommunication between ship and
shore, 100

Johiwon K outboard motor, 133
Johmson POLR outboard motor, 133

Keikaefer mercury rocket, 133

Kilde whistle for parnchute Ioeation,
16 18

Klystran, 107

Landing eraft, silencing of motom, 133-
136 |

Lethality of Ik-o{ho!T-ls, 19

“Lily eup” test fbe ol slick igniter
No. 234,121

Liquid (viseous) Row, use in time delay
{uze, 88

Lucite for ultrasonic whistles, 100

LULLU disperser-igniter, 34

Magnesium alloy delays, 83
Magnesium matchhead for incendinry
pencil, 71
Magnetic protection for clockwork de-
lays, 77
Mugneto, Navy Mark 22 Magnavox, 3
Magnets, use in Bazooka finng, 3
Mark I AC delay, 80
Mark I pencil, 54-65
ampaoule solution, 57-60
components, 35-62
description and operation, 54
history of development, 54
performance, 65
tension wire, 55
testing, 62
work of British, 54
Mark II grenade, 19
Mark I peneil, 66-70
comparison with Mark I, 66
components, 66
description and operation, 66
performance, 69
Murk 15 standard WP smoke grenade,
27
Maryland Research Laboratories, 49
Mechanical noise in outhoard motors,
135
Mercury outboard motor, 134
Mexsenger pouch destroyer, 123
Metal diaphragms for sympathetic
fuzes, 47
Metal plugs for water filters, 130
Methyl formate for AC delay ampoules,
81

Microfiiter, Quinn, 120
Microwave system jor 1j-mile com-
munication, 107--111
Military adhesiven, 119-121
manufacture, 121
performance trials, 121
plasticizer, 120
RD-43-141, 120
RD-44-41,121
requirements, 119
theory, 119 :
Millbunk bag pre-filter for water puri-
fication, 129
Mine Bafety Appliance Whistle, 117
Mufflers for outbourd motors, 134
Multiplehot Bushmaster (remote fir-
ing device), 40
Munic wire fur Mark 1 pencil, 55

Navy Mark 22 Magnavox magneto, 3

Nitrated paper, 122

Nitrocellulose, use in spigot mortar
cartridge, 30

Nitrocellulone plastic for pyrofilm, 123

Noise reduction of outhoard motom,
133-136

Nylon deiny fuse, 82

L ———
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. Geiger-Muller counter used for X-ray M-2 fuze lighter, 125 Oil slick igniter No. 234, 8-14
<. signaling, 108 Machine gun, remote firing device for, fuel charge, 8

o General Motors Corp., 37 41 ignition system, 8

- Glass diuphragm for sympathetic fuze, Magnavox magneto, Navy Mark 22, 3 “Lily cup” test, 12

LS 15 Magnesium, use in FBI, 39 packaging, 12

Paul Revere (PR), 8-9
Rectangular City Slicker (CSR), 8-6
steps in manufacture, 9
tactical uses, 8, 14
Triangular City Slicker (CST), 8
Organic fiber delsy fuze, 81
Outboard metor, sound curtailment,
133-136
Ozoné for water purification, genera.
tion methods, 131

Paper, edible, 122
Parachuts locating devices, 115-118
Paul Revere (PR} oil slick igniter;
construction, 9 :
ignition, 8§
packaging, 12
tests, 12
Peneil (SIRA-3); see Mark T peneil
Pencil wire, 56, 66 s
Pencils, incendinry; see Mark I peneil,
Tark IT pencil
Peatolite; use in document container
destroyers, 125
use in rocket luunchers, 6
Permanente Mix {ignition fuze), 8
Persulfate tablets for ozone production,
132
Phosphor bronze dises for fuze dia-
phragms, 47
Phosphorous oxidation for ezone pro-
duetion, 131
Piston pump, Bowser, 129
Plustic exnlosive, ure in rocket launch-
ers, 6
Placticizer for military ndhesives, 120
Poiyvinyl butyrol (butacite) for Mark [
deiay, 81
Polyvinyl chioride (PVC) used for pen-
cil packaging, 62
PR oil igniter (Paul Revere), 9-12
Presstite fuel tank sealer 88-50, 9
Propagation of electrie currents in
water, 100
Pyrofilm, 122
Pyrotechnic for messenger pouch de-
struction, 123

Quality contral of Mark I pencil, 64
Quinn microfilter, 129

Radio controlled switch, 87-92
aireraft modulating unit, 90
operated at 10 megacycles, 91
operated at 100 kiloeyeles, 87
production, 87
requirements, 87
single tube madel, 89
two-tube model, 89, 90
Radio detecting of parachute drop-
pings, 118
Radionctivity for parachute loeating
devicen, 115
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RD-43-141 (Military adhesive), 120
RD-44-41 (Military adhesive), 121
Recommendations for future research;
fuzes, 85
hand grenades, 22
IFL and IFT charges, 99
induction field short-range communi-
eations, 99
MWT, 108
UWT, 106
Rectangular City Slicker (CSR) il
slick igniter, 8
Refractometer, Abbé, 38
Refractometric analysis of ampoule
solutions, 58
Release for Sympathetic Fuze, 45
Remote-firing devices, 40—41
Rocket, Keikhaefer mereury, 133
Rocket launchers, 3-7
Bazooka mck(’N 3,6
spin stabilized rocket, 4
Rosin for military adhesives, 120
Rubber swelling, 86

Salex, 34

Salt blocks for fuzes, 46, 48, 49

SBX; see Slow burning Nplmlvm

“\('.u"l(-t Moaoo” (organie dye), 60

Seatter bombs, 8

SCR-536 handy-tatky, 91

Seitz K5 filter pad, 130

Short distance signaling with X-rays
and gaimma rays, 108

Short  range communications  with
electric currents in water, 100—
106

Short range induction field communica-~
ting system (IFT-1FL), 95-99

Short range seeret signaling systems, -

05-99
Short time Mark I AC delay, 81
Sight for Bazooka, 3
Signal relay American model 3(SRA-3);
’ aee Mark I pencil
Signaling with X and gamma rays, 108
Silencers for outbonrd motors, 133-136
Silicone arming device for fuzes, 51
“Slecping Beauty,” British underwater
craft, 100
“Sleeping Ik'uuty." UWT model (-500
installution, 104
Slow burning explosives (SBX), 33-39
dispenser-igniter, 34
field performance, 38
gauges for mensuring pressure, 37, 38
history of development, 33
instruments for evaluation, 37
limitations, 34
Lulu, 34
materials, 33, 34

reasons for low efficiency, 34
venting, 36
Smoke grenade, Mark 15 Standard
WP, 27
Sodium alginate, cast, 122
Sodium nitrate for pyrofilm, 123
Spigot mortar, 28-32
Spin Stabilized Rocket (SSR), 4
SRA-3; sce Mark T pencil
SRI incendiary pencil, 71-73
Standard delay fuze, 80
Steel, use in grenade cases, 16, 23
Strike-unywhere match, 71
Sympathetic fuze, 45-53
arming, 49
dash-pot delay, 51
electrolytic arming dise, 49
fuze nos. 66 and 67, 47
glass diaphragm, 45
metal diaphragm, 47, 52
performanee in air, 47, 52
performance in water, 51 )
preliminary work by British, 45
production, 53
reed type, 53
salt blocks, 49
silicone arming dise, 51°

T-5 fuze, 17, 20-21
T5E1 fuze, 20
T5E2 fuze, 20
T5E3 fuze, 22
T-13 hand grenade; see Beano T-13
T-21 fuze, 25
Tacties for dog deception, 127
Temperature change, diurnal, use in
time delay fuze, 86
Temperature coefficient for Mark I and
Mark I penals, 70
Temperatu-e coeflicient of nylun delay
fuzes, 82
Time delay L’mmo 22
Time de Iny fuzes; (‘ln(kuurx 74-19
incendiary pencll (8RY), 71-73
magnesium alloy, 83-85
Murk I AC, 80-81
Mark I pencil, 54-65
Mark IT pencil, 66-70
organic fiber, 81-83
use in Bazooka firing, 4
use in PR ignition, 9
use in S8R firing, 5
use with Bushmaster, 40
use with spigot mortar, 31
Timings for AC delays, recommended,
80
Tourmaline piezo-electric gauges, 37
Triangular City Slicker (CST) oil slick
igniter, 8, 12, 14
Triglycine hydmtriicxlide, 129

ey
UNCLASSIFIED

Ultrasonic measurement device, 109

Ultrasonic whistle, 109

Underwater exhaust for outboard mo-

tors, 133
Underwater telegraph and telephone
(UWT); effect of noise, 101

experimental models, 101
modifieations, 105
performance tests, 104
“Sleeping Beauty” tests, 104
theory, 100

UWT model C-101, 10!

{'“T maodel C-102, 101

U%T model C-103, 101

UWT mode! C-104, 101

EWT model C-105, 102

UWT model L‘-ZOI, 101

UWT maodel C-206, 101

UWT model (301, 101

UWT medel C-300, 102

Venting for 88X, 36
Vibration test on clockwork delays, 77
Vinylite (VMCH resin),

Wallace and Tiernan portable fltering
device, 129
Water purifiers, 120-136
C-DC uublety, 129
ceramice filters, 129
filter pads, 130
mechanical filter, 120
metal filters, 130
ozone, 131
requircments, 129
Whistle (purachute losasing devicas),
HH-1i8
construction, (16
frequency, 118
®as supoly, 116
Kidde mede!, 116-118
Mine Safety Appliance model, 117
performance tents on Kidde model,
117, 118
sound emitted, 116
White phosphnmus loading of lk-mm
T-i3, 23
Wurkahlhty of an adhesive, 119
WP Beano (OD-176), 23-27
case T-28, 23
ch'lracterlbtlcs of various cases, 23 25
fillings, 26
performance, 26
specifications, 23
T-21 fuze, 25

Yield value of an adhesive, lli)
Yochino paper, 122
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